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ABSTRACT

The radiation situation which occurred due to the nuclear weapons testing in China from 1964 to

1981 has been reconstructed. The ranges of external and internal doses have been estimated for the
populations of the Makanchy, Urdzhar and Taskesken Districts of Semipalatinsk Province; these

doses were formed as a result of eleven surface nuclear explosions conducted from 1967 to 1981.

An analysis was done of the dynamics of cancer mortality of the population in the districts

monitored from 1949 to 1997; the relative and attributive risks of cancer mortality of the population

were calculated, according to both total malignant neoplasms and to individual primary sites.
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CANCER MORTALITY IN POPULATIONS IN KAZAKHSTAN
SUBJECTED TO IRRADIATION FROM

NUCLEAR WEAPONS TESTING IN CHINA

1.0 INTRODUCTION

From 1964 to 1981, 24 surface and atmospheric nuclear explosions were conducted in China

at the Lop Nor Test Site. As a result of these tests, freshly produced fission products appeared in

objects in the environment and in milk in the population points of the Makanchy, Urdzhar and

Taskesken Districts of Semipalatinsk Province, located 900-1,100 km away from the Chinese Test

Site. The contamination levels varied within very wide ranges. The radionuclides, in transferring

from objects in the environment into food products, led to biological effects on the human body. In

1984 the medical statistics authorities began to record a significant rise in fatal cases of cancer among

the populations of the above-noted districts; this rise significantly exceeded the dynamics of cancer

distribution in preceding years. Especially significant increases in fatal cancer cases were registered

in such primary sites as breast and lung cancer.

After the UK, USA, and USSR signed a treaty banning nuclear weapons tests in the

atmosphere, space, and underwater, the principal contribution to the activity of the near-surface

atmosphere and to fallout was made by isotopes of cerium, ruthenium and zirconium-95 with

niobium-95. The long-lived cesium-137 and strontium-90 isotopes were vented into the stratosphere

during nuclear testing, which stopped at the end of 1962. On the territory of the USSR, for the period

of 1963 to 1981, the following have been detected, in the atmosphere and in fallout: the isotopes

ruthenium- 103 and - 106, cerium- 141 and - 144, and zirconium-95 with niobium-95. The principal

source of entry of these isotopes into the surface air, clearly, were the surface and atmospheric tests

conducted in the People's Republic of China (PRC). Atmospheric tests in France during this period

were conducted in the southern hemisphere, and the annual movement of their fission products to the

northern hemisphere was minimal. The underground nuclear device tests conducted in the USSR and

the USA could not significantly increase the content of the above-noted isotopes, since even during

an underground explosion with ejection of ground, a large portion of the activity (60-70%) remains in

the close-in zone (100-200 km). During such underground explosions, the radioactive cloud does not

rise into the higher layers of the atmosphere; the radioactive materials do not transfer to the

stratosphere, and therefore, we do not see global contamination of the biosphere.

The purpose of this work was to estimate the effective radiation doses to the population of the

southern portions of the Semipalatinsk Province as a result of nuclear weapons tests in China, and to

establish a link in the excess cases of malignant cancer with irradiation of the population.



2.0 MATERIALS AND METHODS OF INVESTIGATIONS

2.1 TEST CHRONOLOGY AND PARAMETERS

The date, yield, type, and altitude of these 24 explosions are given in Table 1.

Table 1. Chronolo Zy and parameters of nuclear tests conducted at the Chinese test site.
Test Date of Yield Type of Detonation Altitude Notes

Number Explosion (TNT Equiv.)
1 10/16/64 Up to 5 kT Nuclear -30 m From tower
2 5/14/65 Up to 25 kT Nuclear 150-350 m From aircraft
3 5/9/66 -100 kT Thermonuclear 1-1.5 km From aircraft
4 10/27/66 Up to 5 kT Nuclear 150-350 m From missile
5 12/28/66 0.3 MT Thermonuclear 100-150 m From tower

(-100 kT)*
6 6/17/67 0.4 MT Thermonuclear 100-150 m From tower

(-2 MT)*,
7 12/24/67 Up to 5 kT Nuclear 30 m From tower
8 12/28/68 2-3 MT Thermonuclear 6-8 km Atmospheric
9 9/29/69 2-3 MT Thermonuclear 6-8 kn Atmospheric
10 10/14/70 2-3 MT Thermonuclear 6-8 km Atmospheric
11 11/18/71 10 kT Nuclear 150-350 m From aircraft
12 1/7/72 20 kT Nuclear 100-150 m From tower
13 3/18/72 20-200 kT Thermonuclear 1-1.5 km From aircraft
14 6/27/73 2-3 MT Thermonuclear 1-1.5 km From aircraft
15 6/17/74 (0.2-1 MT) Thermonuclear 1-1.5 km From aircraft

3 MT*
16 1/23/76 10 kT Nuclear Underground With ejection
17 9/26/76 20 kT Nuclear 30 m From tower
18 10/17/76 - Nuclear Underground
19 11/17/76 4 MT (2 MT)* Thermonuclear 1-1.5 km From aircraft
20 9/17/77 20 kT Nuclear 30 m From tower

....... .............. (20-200 kT)*
21 3/15/78 20 kT Nuclear 30 m From tower
22 12/14/78 20 kT Nuclear 30 m From tower
23 10/16/80 (0.25-1 MT) Nuclear 8 km Atmospheric

I MT*
24** 11/12/81 20 kT Nuclear 30 m From tower

* Data from different sources vary-Ed.
** This test not included in other references.

In eleven cases, taking the wind into consideration, the Makanchy, Urdzhar and Taskesken
districts were contaminated by fission products. The radiation situation was reconstructed based on
archival materials and measurements of the radioactivity in objects found in the environment and in
locally produced food products. The internal radiation doses were calculated based on the explosion

2



parameters with regard to the time they were conducted and according to the results of measuring of
milk samples taken in specific population points.

2.2 AREAS INVESTIGATED

To estimate the radiation situation on the territories of the districts under study, we plotted
two routes from the southern border of the Semipalatinsk Province along the largest population
points: Bakhty to Taskesken and Karabuta to Alekseevka. Figure 1 presents a map showing the
locations of the Lop Nor and Semipalatinsk Test Sites as well as the three population points of
Makanchy, Urdzhar, and Taskesken.

75
41 S I ' | Taskesken Bratsk

AWoft e 4 Urdzhr

Aqt/Im,'KAZA4HSTAN tSI

• I

""DIA" .%.. $N. .. MONGOUA

I, i i : qAN3U "

INIA CHNAn4.

Figure 1. Map of Test Sites and Villages.

The population points sampled and the volume of analyzed samples of soil, vegetation and
milk, both from archival materials and from sampling in 1998, is shown in Table 2.

3



Table 2. Location and number of samples processed.
PUsi ling Pefrmdin19

..... _ Soil Vegetation Milk Soil Hay Meat Milk Bone
Makan.trict ,total) ,_ _ 46 30 30 30 30
Bakhty_ 13 5 5 5 5
Makanchy 56 45 45 13 5 5 5 5
Karatal 1_ 1_ 5 5 15 5 5
Karabuta 5 5 5 5 5
Blagodarnoe 5 5 5 5 5
Kirovka 5 5 5 5 5
Urdzhar District (total) _ _ 38 30 30 30 30
Urdzhar 56 45 45 13 5 5 5 5
Aksakovka 5 5 5 5 5
Irinovka 5 5 5 5 5
Besterek 5 5 5 5 5
Novoandreevka 5 5 5 5 5
Alekseevka 5 5 5 5 5

,____ _District (total) 38 30 30 30 30
Laibulak 5 5 5 5 5
Predgornoe 5 5 5 5 5
Tekebulak 5 5 5 5 5
Taskesken 56 45 45 13 5 5 5 5
Zhanama 1 5 5 5 5 5

The exposed population represents individuals living in the Makanchy, Urdzhar and
Taskesken districts. The comparison group included the population from the Kokpekty district of the
Semipalatinsk Province who, for all practical purposes, were not subjected to radiation. The ethnic,
age, and gender composition of the exposed and control groups were similar, as shown in Table 3.

Table 3. Dynamics of age group distribution of the population of Makanchy, Urdzhar,
Taskesken and Kokpekty Districts (thousands).

Age group, Makanchy Urdzhar, Taskesken Kokpekty
years

1949 1963 1996 1949 1963 1996 1949 1963 1996
0-19 9.0 13.4 17.8 16.9 23.7 39.1 9.0 12.8 14.4
20-29 2.8 4.2 5.5 5.3 7.4 12.1 2.8 3.9 4.4
30-39 3.0 4.4 5.9 5.6 7.9 13.0 3.0 4.27 4.8
40-49 2.2 3.3 4.3 4.1 5.8 9.6 2.2 3.1 3.5
50-59 2.0 3.0 4.0 3.7 5.2 8.7 2.0 2.8 3.2

60 and older 1.0 1.5 2.0 1.9 2.6 4.3 1.0 1.4 1.6

The dynamics of fatal cancer cases among the populations of the Makanchy, Urdzhar and
Taskesken districts were analyzed for the 1949 to 1996 time period. The distribution levels of fatal
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cancer cases before 1964 were calculated for the entire population in the study districts, and since
1994 for the radiation risk group only, without accounting for the numbers of migrants.

2.2.1 SAMPLING METHODS

a) Soil Samples.
The locations to take soil samples in a population point were selected according to the results

of dosimeter investigations using the DRG-0 I -T dosimeter. A very important criterion was the lack
of visible traces of agricultural activity by man (plowing the earth, construction, waste dumps). In
the soil sampling locations, the vegetative cover is removed from the ground as are large and sharp
stones. After taking the dose rate measurements in the open, a soil sample was taken. For
consistency, a sampling shovel was used with dimensions 100 x 100 x 10 mm. The weight of each
sample was at least 3 kg. The sample was taken by digging a small pit.

From the windward side, a trench was dug, 60 x 150 cm. Its depth was determined from the
employed depth of the small pit excavation plus a little more (for a pit 100-cm deep, a 110-cm deep
trench was dug). Having completed the preparatory work, the actual soil sampling took place. It
began at the upper layer at a selected sampling interval.

Each sample was packed in an individually prepared and marked package. In this case, the
sampling interval was every 5 cm down to the 10 cm layer, and up to the 100 cm layer, it was every
10 cm. Each sample weighed at least 3 kg.

b) Vegetation Samples.
The following vegetation samples were taken: grass growing near the soil sampling point,

and hay from stacks located on the territory of the population point. The mass of the cut grass was
1.0 to 1.5 kg, and the hay, 0.5 kg.

c) Samples of Milk and Meat.
Samples of milk and meat were acquired in the local populace in those population points in

the following amounts: milk- 6 1; meat- 6 kg per sample.

2.2.2 SAMPLE PREPARATION METHODOLOGY

Upon arrival at the laboratory, the soil samples were divided into four sections and dried at a
temperature of 60 to 80 degrees Centigrade. Foreign bodies and remaining vegetation were removed.
The samples were sifted through a 3.25 mm mesh sieve. For the gamma spectrometer measurements,
the samples were packed in Marinelli containers. The mass of the samples was 1.8 to 2.5 kg. For
radiochemical analysis, soil samples weighing 80-100 g were incinerated at a temperature of 400-500
degrees.

The vegetation samples were first dried at 40-50 degrees for 20 hours to an air-dried state,
and foreign admixtures were cleaned out. This was followed by two stages of incineration at 400-
450 degrees. The first stage was in stainless steel trays, and the second (with less volume of ash) in
ceramic cups. During the incineration process, the sample was ground several times, and several
drops of concentrated nitric acid were added. The obtained ash was sifted through a I mm mesh
sieve; small pebbles were removed; and the weight restored by adding the air-dried sample. For
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alpha spectrometry, the ash was placed in plastic petri dishes. After measuring the sample, it was
transferred for radiochemical analysis.

The milk samples were dried and incinerated. Tendons and fat were removed from the meat
samples, then dried and incinerated. The bone samples were carefully removed from the muscles and
ligaments, dried and incinerated. During the incineration process, the bones were ground in a mortar
and sprinkled with a small quantity of concentrated nitric acid. The meat, milk and bone samples
were packaged for measurements just like the vegetation samples.

2.3 RADIATION SURVEY

To conduct the research to study the radiation situation in population points of the
Semipalatinsk Province, a gamma survey was conducted of the territory by measuring the exposure
dose rates in the locale. For these purposes, a DRG-01-T dosimeter was used. The level of migration
to depth of the radioactive trace was determined at the sampling points. To do this, every 5 cm, the
surface contamination of the soil was measured by determining the density of the alpha and the beta
particle flux. An MKS-0IR-01 radiometer with removable sensors was used. When measuring the
alpha particles, a BDKA-0 I R detection block was used. In each spot, 10 measurements were taken,
each for 100 seconds. When measuring the beta particles, a BDKB-0 1 R detection block was used; it
has a cover filter which permits measurement of the beta particle flux in the presence of a gamma
radiation background. Then when the cover was closed, the gamma radiation was measured; with it
open, the gamma plus beta radiation was measured. The beta radiation was calculated according to
the difference between these two values. In each point, 10 measurements were taken, for 10 seconds
each.

2.4 SAMPLE ACTIVITY MEASUREMENT

The total beta activity of the samples was determined using type B-2 beta radiometers with
MST-17 or SBT-10 face counters. Until 1973, the beta radiometers were calibrated using the
equilibrium state Sr-90 + Y-90 standard. The average energy of the soil samples was not considered,
and the average energy of the samples may differ from the average energy of this calibration
standard. The data for total beta activity in the samples should be considered relative to each other,
not the standard, and the results decreased or increased accordingly. In the subsequent period, the
beta radionuclides were calibrated by a set of radionuclides (carbon-14, thallium-204, potassium-40,
strontium-90 + yttrium-90, and yttrium-90) with an average energy range of 0.05 to 0.9 MeV. The
average energy of the measured samples was determined experimentally using the absorbing
aluminum screens method. The soil samples were measured in aluminum supports (targets) 32 mm
in diameter and 6 mm high. The activity of the samples was calculated according to the usual
formula. The average relative error of measuring the soil samples at a count of 2-7 pulses/minute
was 30-80%.

The radionuclide composition of the environmental samples (soil and vegetation) and milk
was determiced on scintillating gammaspectrometer devices, the detectors of which were scint-blocks
with crystals of Nal (TI), measuring 63x63 and a resolution for cesium-137 no less than 10% with
type AI-128-3 and AI-256-6 analyzers. See selected examples in Appendix C.
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The spectrometer energy was calibrated and the effectiveness curve for recording gamma
quanta by the peak total absorption was drawn with the help of a set of OSGI reference emitters on
10 energy lines (for yttrium-88: 1836 and 898 keV; cobalt-60: 1332 and 1173 keV; sodium-22: 1275
and 511 keV; zinc-65: 1115 keV; manganese-54: 834 keV; cesium-137: 661 keV; tin-I 13: 391 keV;
cerium-139: 166 keV; cobalt-57: 122 keV, americium-241: 59.5 keV). To identify the radionuclides,
we took repeated measurements of the samples. In our calculation formulas to determine the specific
activity of the gamma-emitting radionuclides, in addition to the quanta output, we included the
effectiveness values of the gamma spectrometer based on the recorded gamma-quanta, the correction
for the configuration of measured sample and the mass of the measured sample. Since 1991, to
determine the samples' radionuclide content, we used two units to take our measurements, including
the following:

I. DGDK-50B-3 and DGDK-63-C germanium diffusive-drift detectors protected by 100
mm of lead;

2. Al- 1024-95-17m multi-channel amplitudinal pulse analyzers;
3. ES-1841-11, IBM PC personal computers;
4. BaltiSpektr 3.02 and PPD-93 programs for processing gamma spectra.

The measurements are taken in "real time" at a 3.5-5.5 hour interval. The sensitivity of the
method used for individual lines follows for the geometry of the Marinelli containers (soil samples):

For energy 186.1 keV: 0.301 ± 0.136 Bq/kg;
For energy 661.662 keV: 0.257 ± 0.249 Bq/kg;
For energy 1460.75 keV: 20.156 ± 6.047 Bq/kg.

For the geometry of the petri dishes (samples of vegetation, meat, milk, and bones):
For energy 186.1 keV: 0.021 ± 0.003 Bq/kg(l);
For energy 661.662 keV: 0.010 ± 0.004 Bq/kg(l);
For energy 1460.75 keV: 0.412 ± 0.341 Bq/kg(l).

Strontium-90 was determined by the carbonate sedimentation method with a carrier of nitrate
extractions of the ashes from the vegetation, soil and milk. Before the carbonates settle, the
strontium is cleaned out of the admixtures. The strontium carbonates are dissolved in a minimum
amount of nitric acid; an yttrium carrier is added, and the solution is left for 14 days to accumulate.
After establishing the radiochemical equilibrium between strontium-90 and yttrium-90, a sample is
prepared of yttrium-90 hydroxides to measure its activity using a beta-radiometer device. The
strontium-90 activity is calculated from the yttrium-90 activity. Measurements are taken using
radiometer devices which include the following:

* a beta particle detector with an SBT-10 counter protected by 50 mm of lead,
* a PS02-4 counting device,
* a set of necessary electronic-physical equipment,
" the measurements are taken every 1-1.5 hours,
" - the sensitivity of this method is 0.05 Bq/kg,
* the method's error is 27.27%.

2.5 DOSE RECONSTRUCTION METHODOLOGY

Radiation from three component forms acts on humans:
- cosmic radiation;
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- radiation from natural radionuclides which are scattered in the earth's crust, soil, air, water
and other objects of the environment; of these the main contribution to the human radiation dose
comes from K-40, U-23 8 and Th-232 in conjunction with decay products of uranium and thorium;

- radiation from artificial radionuclides. These may be formed during nuclear weapons tests
and precipitate to the earth's surface in the form of local, tropospheric or global radioactive fallout.
They also enter the environment when radioactive wastes are removed from atomic energy
enterprises, nuclear fuel cycle enterprises, and enterprises and institutions which work with
radioactive materials. They may also be formed for use in medicine, science, technology or
agriculture.

All three components act on humans in the following manner:
- as external radiation (from radioactive materials being present in the near-surface air or

which fall out to the earth's surface);
- as internal radiation (from inhaling radioactive materials, contained in the near-surface

layers of the air, and through the use in food of products and drinking water which are contaminated
by radionuclides).

The methods to reconstruct the doses of external and internal radiation assume the presence
of two component parts: mathematical calculation models and their information content. Only when
these two components correspond to the actual process occurring in the environment and in the
human body can the calculated dose values correspond to the actual radiation doses to which people
could be subjected in the conditions of a specific radiation situation.

Currently, mathematical models to calculate the radiation dose are rather well developed
[1, 3, 7, 9, 10, 12, and 27].

2.5.1 EXTERNAL RADIATION

Given external radiation, the distribution of absorbed doses in the organs and tissues is close
to equal. Thus, with an error not exceeding 10%, the absorbed gamma radiation dose in air,
expressed in rads, can be used as an estimate of the effective dose of external radiation of a human in
rems. Equation I gives the time the cloud is radiating (duration of the track formation) in a given
point in the locale, hrs:

A 0.2 q_ + 0.32X
V Eq. 1

where to = XV is the time of arrival of the explosion cloud to the given point in the locale
(beginning of the formation of the track), hrs;
X is the distance from the explosion epicenter, km;
V is the average wind speed, km/hr;
and q is the explosive yield, kt (kilotons TNT equivalent).

t
nop = t0 +A t Eq. 2
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Equation 2 is the accepted time that cloud radiation stops (formation of the track) and the time of
onset of fallout irradiating the locale with radioactive fission products begins, hrs post explosion. To
calculate the radiation level in R/hr of any point in the area (X,Y,) at a definite moment of time t
(hours), we used the following equations [4]:

-[ X ]02 X xOA346j (y21
, = - *exp -21.27(

1.75 hV hV 2G' Eq. 3

where

G = 0.14XO75  Eq. 4

DCloud = 79.2 R24 t

X +At,

V 2Eq. 5

Equation 5 is the dose from the cloud, R.

R24 is the dose rate of gamma radiation at a given point of the track 24 hours after the nuclear
explosion, RIhr.

The gamma radiation dose for any time interval is defined as the integral value of the dose
rate acting in this interval since the time of the explosion:

D= 5R I t 2 -_

t t2  Eq. 6

1. -0.2

Dfa11 = 5R,- t'2 . tstop Eq. 7

where
Dfaj1 is the total dose from gamma radiation fragments for the entire time period from the
moment when fallout begins until its complete decay, R;
Rt is the dose rate measured at any time t after the explosion, R/hr;
tstop is the time that fallout ceases, hours.

In general, one can estimate the total doses of external gamma radiation which could have
affected the population according to the following formula:

D =_ + Dfa 1 24-t /
Koloud 24 24K fall Eq. 8
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where
D,,.ud is the dose during the track formation period;
DfaI is the gamma radiation dose caused by fallout;
t., is the time spent by residents outdoors per day, hours (to estimate the maximum
values, we chose 16 hours/day);
K,doud is the reduction factor for gamma radiation provided by the buildings during the

track formation period (considered to be equal to 1);
K&I, is the reduction factor for gamma radiation from fallout precipitates provided by local

buildings (for adobe homes, it is equal to 13).

2.5.2 INTERNAL RADIATION

A feature of internal radiation is the non-uniform distribution of absorbed doses in the human

body which is caused by the selective accumulation of radionuclides in individual organs and tissues.

Relative to this, an estimate of equivalent radiation doses in these organs and tissues and a calculation

of the effective dose of internal radiation both require the use of a special set of mathematical models,

which adequately describe the process of entry and accumulation of radioactive fission products and

the formation of equivalent doses. As a result of the existing inaccuracies in determining the

radioactive contamination fields, the undefined character of dietary rations, the non-uniformity of

contamination in agricultural production and the impossibility of accounting for inter-household ties,

the errors for internal radiation doses can reach 100-200%. The method to calculate the internal

radiation dose is based on a study of accessible materials in the earth sciences field [2, 6, 8, 11, 13-

26, 28-31 ]. All the correlations and coefficients employed in this calculation method are taken from

the work of Soviet scientists V.G. Riadov, L.G. Ilyin, K.I. Gordeev, Iu.S. Stepanov, V.M. Loborev, et

al; they were all obtained by experiment at the Semipalatinsk Test Site with the direct participation of

employees of the Kazakhstan NRIRME (National Research Institute for Radiation Medicine and

Ecology, formerly known as Dispensary No. 4). This method permits us to obtain some averaged

radiation doses within one population point via inhalation and oral ingestion (with milk) of iodine

radioisotopes entering the thyroid, doses of whole body internal radiation from cesium-137 and bone

radiation doses of strontium-90.

The main pathways for radioactive fission products to enter the human body are:

I. Inhalation: when breathing in contaminated air;
2. Digestion: when consuming food products contaminated by radionuclides;
3. Contact: as a result of intake via radioactive matter settling on the skin or mucous

membranes;
4. Through wounds being contaminated by radioactive materials.

In the given case, we are examining the processes of radioactive materials migration which

determine the internal radiation from ingestion and inhalation, which are the principal pathways of

entry given the living conditions of the population. Other pathways of entry are specific in nature

(industrial or other special conditions).
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Reconstruction of the radiation parameters necessary to determine the human internal
radiation dose is linked to empirical correlations with the given direct measurements of gamma
radiation rates in the locale [11, 13, 14], which both simplifies the problem of obtaining the necessary
initial data and significantly increases the reliability of the final estimates.

The average concentration of radioactive aerosols in the surface layer of air is expressed by
Caer in microCi/l:

Iar= - 0.8e--0,25h 'VDEq..d°

E t Eq. 9

where
h is the altitude to which the cloud rises, km;
DC,.ud is the gamma radiation dose, R;
E is the average gamma radiation energy, Mev;

and 't is the time of dose formation, hours.

The altitude to which the cloud rises is determined according to the formula:

h = 3.7q0 2  Eq. 10

where
q is the yield, kt.

The concentration of the i-th isotope, in microCi/l, is
c' =C

y(t 1) Eq. 11

Equation 12 is the overall surface density of radioactive materials and the surface density of
the i-th isotope in the point being studied along the track at the moment it ceases to form (t,
hr), Ci/m2.

Y Y,
gr(t,)' gr(,) Eq. 12

The total fallout density of fission products is determined by:

Y = 0.1 R24  Eq. 13

where
Y is in Ci/m 2'

and R is in R/hr.

The surface density of contamination by the i-th nuclide at 24 hours, in Ci/m2, is:

Yg( 24) = ai R( 24) SX d Eq. 14

Xsd is the scaled distance;
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X 1.3X
3' hV Eq. 15

Table 4. Values of ai and bi coefficients for several radioisotopes.

Isotope aj bi

1-131 0.00188 0.54

1-133 0.023 0.54

1-135 0.014 0.54

Cs-137 2.1E-5 1.17

Sr-90 2.15E-5 1.16

Contamination of pasture vegetation by individual biologically dangerous radioisotopes is

determined, in Bq/kg, according to the correlation

Q,.s = 0.6Y ,7 10.87 exp (4XsY] Eq. 16

Intake of radionuclides by inhalation in microCi is

Q, =C1 .V.t.f Eq. 17

where
Ci is the concentration of the i-th isotope in air, microCi/l;
V is the rate of pulmonary ventilation, /min;
t is the inhalation time, min;
f is the fraction of activity which is held in the body during one inhalation.

The probable inhalation doses of internal radiation of humans is estimated according to

reference [23]. This is done on the basis of information concerning the values of concentration of

radioactive materials in the near-surface layer of air [12] relative to particles no bigger than 50

microns, due to the fact that the larger particles in practice cannot enter the human body through the

respiratory pathways. According to the existing data from numerous investigations of the

radionuclide composition of fractions of particles with dimensions d<50 microns, we can assume that

the relationship of the activity of biologically significant radionuclides remains practically constant

within the entire territory of the nuclear explosion track. This significantly simplifies a quantitative

restoration of the radioactive composition in the links of the biological metabolic chain which lead to

internal radiation of humans. The absorbed dose, in Gy, for inhalation is determined according to

H = (2.34x 10'" o .. Tf'I -T
'( eff) Eq. 18

where
E.ff is the effective energy, Mev/decay;
T,ff is the effective period of 50% elimination, sec;
T.c is the effective period of 50% accumulation, sec;
Co is the initial concentration of the radionuclide in the body, Bq/kg;
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C. =Qo'f 2 /m Eq. 19

where
Q0 is the initial intake, Bq;
f2 is the fraction of the nuclide entering the organ from the overall quantity in the body;
m is the mass of the organ, kg.

The individual doses entering through food pathways are calculated according to the method
in reference [23] which assumes that only local food products are used; this is characteristic of
residents of rural areas. Such estimates are sufficiently close to reality. The total intake of
radionuclides into the body via the food chain is defined as the sum of annual intakes for the dose
accumulation period. Then the intake of radioactive products in the second and subsequent years
after the explosion is calculated accounting for the physical decay of the radionuclide from the
moment of the explosion to the beginning of the current year with regard to the coefficients which
correspond to the contamination of agricultural production via the roots. There is also a radiation
dose from radionuclides entering the body by drinking milk.

The maximum activity of milk for the i-th isotope Amax (in Ci/l) is calculated according to the
following:

A,= 0-K* , gr(2 4 ) .[I -0.87 exp (-4X')
g Eq. 20

where
y,

91 is the contamination density of the locale by the i-th isotope 24 hours after the explosion,
in Ci/m2;

Xsd is the scaled distance to the explosion epicenter;
G is the amount of grass eaten by grazing cows (50), kg;
b is the coefficient of solubility of the radioisotope depending on the scaled distance [12;.
g is the daily milk yield (10), I;
Ki is the coefficient dependent upon the type of radioisotope and its index of elimination with
milk [12].

Table 5. Value of coefficient bi for various scaled distances.
X, (km) IUptoo.5 1. 1-2 I 2-3 > 3
bi 0.2 10.4 0.5 0.7 0.85

Table 6. Value of coefficient Ki for several radioisotopes.
Isotope I r1-131 1-135 Cs-137 Sr-90
Ki 0.0346 0.0354 0.270 0.079 0.083

The radiation dose when radioisotopes are taken in with milk is calculated according to:

(2xIOD8)-E *T t I -exp exp-

m Xtot Eq. 21
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where D is the equivalent radiation dose, Gy;
E,f is the effective energy, Mev/decay;
T,ff is the effective period of 50% elimination, days;
F = C * V * f is the rate of nuclide intake into the body, Bq/day;
C is the concentration of nuclide in the milk, Bq/l;
V is the consumption of milk, I/day;
f is the fraction of the nuclide entering the thyroid relative to the total intake into the body;

m is the mass of the organ, kg.
Xtj is the decay constant for the combined rate of removal at time . tot -= Ahy + X,Io, where

XPhy = the radioactive decay constant, or inverse of the physical half-life of the isotope, and

X,j,o = the inverse of the biological half-life of the material.
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3.0 RADIATION SITUATION AFTER INDIVIDUAL TESTS

3.1 RADIATION-HYGIENE SITUATION ON THE CONTAMINATED TERRITORIES

AS A RESULT OF NUCLEAR WEAPONS TESTING IN CHINA FROM 1963 TO

1998

The presented materials, and the subsequent calculations of the effective equivalent doses of

radiation showed that the principal contribution to the total dose of external gamma radiation of the

population came from the tests conducted in 1966, 1967 and 1973. The total external gamma

radiation dose to the population from these explosions was, for the Makanchy District 371 mGy; for

Urdzhar 334.6 mGy; and for Taskesken 284 mGy. In those tests after 1973, the total external gamma

radiation dose to the population was not greater than 4-5 mGy. Thus, the main total dose of external

radiation was formed from 1966 to 1973.

One must note that it is namely in these years that we recorded rather high doses of internal

radiation of the thyroid gland (close to 2 Gy), of the whole body at close to 100 mGy and of bone
tissue at close to I Gy.

The starting point for studying the radiation situation in the population points of the

Makanchy, Urdzhar and Taskesken districts were the investigations conducted in 1963 along the

routes traversing these districts' territories. To determine the dynamics of radioactive isotopes from

fallout entering into the soil, we determined the contamination level of the surface soil layer in 1963.

Soil samples were taken every kilometer to determine the total activity. In every 20
th sample,

radioactive strontium and cesium were found. To estimate the dose, we used a transfer coefficient

from the supply of Cs-137 in the soil to the absorbed dose. For the forest-steppe and the steppe-zone,

it is 9.189 microGy/yr per I kBq/m2. The soil sampling depth (0-1 cm) was justified by the purpose

of the work, since, in order to conduct further work, it was necessary to know the surface

contamination of the soil as it was in 1963 after atmospheric and surface explosions were banned.

The multi-kilometer route from Tailan to Bakhty traversed the study areas from the northen

border of the Urdzhar District to the southeastern border of the Makanchy District. Along the route,
the content of Sr-90 in the 0-1 cm surface layer of soil was in the range of 1I to 37 Bq/kg, and for

Cs-137 from 5 to 37 Bq/kg; the doses of external radiation due to deposited Cs-137 were from 7 to 22

microGy in 1963 (Table 7; see also Figure 1).

The radiation situation on the territories of the Makanchy, Urdzhar and Taskesken Districts in

1967 was caused by global fallout from the stratosphere, and by radioactive fallout due to explosions

conducted in the PRC.
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Table 7. Tailan to Bakht Route.

Sampling location Total activity Radionuclide Radionuclide Annual absorbed
(population point, (Bq/kg) content of content of dose of external
route) Sr-90 (Bq/kg) Cs-137 (Bqlkg) radiation

(microGy)
18 1,411 37.00 12.77 --

19 1,272 16.50 10.99 --

(20) Taskesken 1,087 17.39 14.65 7.20
(21 ) Predgornoe 810 21.31 15.21 6.50
(22) Urdzhar 833 12.14 22.57 16.90
(steppe zone)
(23) Urdzhar 994 18.50 36.89 21.76
(24) Nouely 1,087 25.27 14.95 9.62
25 1,226 10.95 4.92 --

(26) Makanchy 1,180 18.50 16.54 10.71
27 1,087 29.82 16.39 --

(28) Bakhty 1,180 26.64 16.28 11.50

Of the five explosions conducted between May 1966 and December 1967 (see Table 1),
according to the meteorological conditions (wind direction and speed), only two could have affected
the given territories (December 28, 1966 and June 17, 1967).

In April of 1967, soil samples were taken in the large population points of the Urdzhar,
Makanchy and Taskesken districts. Table 8 presents the calculated and the actual total beta activity
and the content of individual radionuclides in the soil (0- 1 cm layer).

Table 8. Radionuclide concentrations in the surface layer of soil at 24 hours after
the explosion of December 28,1966: sampling performed April 1, 1967 (Bq/kg).*

Surface layer Makanchy Makanchy Urdzhar Urdzhar Taskesken Taskesken
soil Ca1c. Actual Cac. Actual CaIc. Actual
contamination
Total 2.6E+5 4.2E+6 2.26E+5 4.01E+6 1.72E+5 3.34E+6
1-131 1.09E+4 -- 9.75E+3 -- 8.25E+3 --

1-133 1.15E+5 -- 1.01E+5 -- 8.05E+3 --

1-135 5.21E+4 -- 4.18E+4 -- 2.91E+4 --

Cs-137 240 222 224 233 199 232
Sr-90 238 242 222 245 197 242
* Note. These values were calculated from the dose per meter square, using the value of soil density

typical for the Semipalatinsk region. Also, the samples were not taken until April 1, 1967; values were
extrapolated back to 24 hours after the explosion of December 28, 1966.

We could assume that the soil contamination will be less, since the radioactive precipitates
fell on snow; as it melted, they could have migrated to the deeper soil layers. However, the obtained
laboratory data agree well with the calculated data, which could be explained by the low-snow
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winter, when the fallout precipitated on practically bare ground. No vegetation or milk samples were

taken, since the explosion was conducted in the middle of winter, when the internal radiation could

only be determined by the inhalation intake, and the peroral intake was minimal, as there was no

direct radiation of vegetation. The effect on the population is determined by the external radiation

dose from the cloud, which for Makanchy, Urdzhar, and Taskesken was 0.14, 0.12 and 0.10 mGy,

respectively, and also by the internal radiation doses via inhalation intake of radioactive fission

products as the cloud passed over (Table 9).

The doses were calculated for a "standard" adult with the following parameters: age- 20-30

years; body weight- 70 kg; skeletal weight (without marrow)- 7 kg; thyroid gland weight- 0.02 kg;
volume of inhaled air- 30 I/min.

Table 9. Calculated organ absorbed doses from inhalation after the explosion
of December 28, 1966 (mG).

Irradiated Organ Makanchy Urdzhar Taskesken
(Responsible Radionuclide)
Thyroid (Iodine) 33.7 31.1 26.4

Whole body (Cs-137) 1.14 1.12 1.06
Bones (Sr-90) 12.5 12.2 11.15

On June 17, 1967, in the PRC, a thermonuclear device was detonated with an estimated yield

of either 0.4 or -2 MT, depending upon the source of the data. In our calculations, the yield was

taken to be 2 MT. After eight days, environmental samples (soil and vegetation) and milk samples

were taken 'at the same population points. Table 10 presents the calculated and the actual total beta

activity and the content of individual radionuclides in the objects under study.

From the tabular data, it is clear that the contamination of the environmental objects (soil and

vegetation) and of the milk was caused by the June 17, 1967 explosion. The obtained laboratory data

agree well with the calculated values, and the divergence of 5-10% falls within measurement error.

Contamination exceeded average USSR levels for Zr-95 by 30 times, and for Cs-137 and Sr-90 by

about 20 times.
The quantitative transfers of radionuclides along the links of the biological chain which end

up being taken into the human body to a large extent depend on their solubility coefficient values,

that is, the portions of the radionuclides which transition to the liquid phase. It is known that the

overall solubility of nuclear explosion fission products which precipitate along the track depends on

their radionuclide type and it increases with a reduction in particle size. When selecting values for

the solubility coefficient, we started not from the overall solubility coefficient for the precipitates, but

only that portion which comprises a biologically significant fractionation (d < 50 microns). When

calculating the radionuclide concentration in milk, using the solubility coefficients shown in Table 5,

we obtained some increase in the Taskesken population point, which is located farther from the

explosion location; this increase was confirmed by measurements of actual milk samples.

The external radiation doses to the population were caused by the cloud passing over, and by

the precipitating radioactive fission products; they were 143, 129 and 109 mGy for Makanchy,
Urdzhar and Taskesken, respectively.
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When calculating the probable radiation doses absorbed by organs and tissues from
consuming milk, we took a daily consumption of 0.5 liters. The doses were calculated according to
the results of laboratory investigations; the iodine- 13 5 concentration was determined relative to the
iodine- 13 I/iodine-I135 ratio 24 hours after the explosion (Table 11).

Table 10. Radionuclide concentrations in soil, vegetation and milk 24 hours after the explosion of
_____________June 17, 1967: sampling performed June 25, 1967 (Bq/kg)._____

Contamination Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
of:-_____ ___________ ken ken

Surface soil layer Calc. Actual Calc. Actual C81c. Actual
Total 1.11IE+7 2.52E+7 6.6813+6 1.32E+7 5.16E+6 1.24E+7

1-131 2.94E+5 2.84E+5 2.58E+5 2.61 E+5 2.2 1E+5 2.4613+5
1-133 3.58E+6 2.61 E+6 2.38E+6 2.4 1E+6 1.90E+6 2.14E+;6
1-135 2.18E±6 -- 7.35E+6 -- 5.04E+5 --

Cs-137 4.79E+3 5.12E+3 4.48E+3 4.59E+3 4.04E+3 4.26E+3
Sr-90 4.76E+3 5.13E+3 4.46E+3 4.5 1E+3 4.01IE+3 4.32E+3

Vegetation -r~~< ~~--

1-131 2.80E+6 3.42E+6 2.48E+6 3.15E+6 2.12E+6 2.65E+6
1-133 3.42E+7 2.2 1E+7 2.28E+6 1.49E+7 1.82E+7 2.12E+7
1-135 2.08E+7 -- 7.08E+6 -- 4.84E+6 --

Cs-137 4.60E+4 3.84E+4 4.3 1E+4 3.68E+4 3.88E+4 3.17E+4
Sr-90 4.60E+4 3.86E+4 4.3 1 E+4 3.62E±4 3.85E+'4 3.15E±4

Milk

1-131 7.26E+4 2.23E±5 6.69E+4 2.11 E+5 7.98E±4 2.42E±5
1-133 1.8]E+6 2.67E+6 1.65E+6 2.36E±6 1.99E+6 2.62E±6
1-135 8.57E+6 -- 7.74E+6 -- 9.36E±6 --

Cs-137 9.08E+3 7.76E+3 8.5 1E+3 7.11IE+3 1.07E+4 8.83E+3
Sr-90 9.49E+2 7.97E+2 8.89E+2 7.50E+2 1. 12E±3 9.3 1E+2

Table 11. Calculated organ absorbed doses from various routes of intake after the explosion
___________ _________of June 17, 1967 (mG y).________

Irradiated Makanchy Makanchy Urdzhar Urdzhar Taskesken Taskesken
organ ______ ______ _____ _ _ _ _ _____ _____

(Responsible Inhaled Peroral Inhaled Peroral Inhaled Peroral
radionuclide) _______ ______ _______ _____ _______ ______

Thyroid 1018 283 944 257 811 319
(Iodine) ______ ______ ______ _____

Whole body 27.9 19.4 27.6 18.2 26.3 22.9
(Cs- 137) ______ ______ _____ _ _ _ _ _____ _____

Bones (Sr-90) 306 275 303 257 289 324

The absorbed radiation doses in Taskesken village for milk consumption were somewhat
higher, which was caused by a greater contamination of the given product.
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The radiation situation on the territories of the study districts in 1972 was caused both by

radiation precipitates from explosions in the PRC, and by global fallout from the stratosphere, as

shown in Table 1.

The low-yield explosion of November 18, 1971 could not affect the southern territories of the

Semipalatinsk Province. According to meteorological conditions (wind direction and speed), only

the explosions of January 7, 1972 and March 18, 1972 could affect the radiation situation in these

districts. The effect on the population from the January 7, 1972 explosion can be determined by the

dose of external radiation from the cloud (it was 0.020, 0.018 and 0.0 14 mGy, respectively, for

Makanchy, Urdzhar, and Taskesken) and by the external radiation doses from inhaling radioactive

fission products as the cloud passed over, as detailed in Table 12.

Table 12. Calculated organ absorbed doses from inhalation after the explosion
of January 7, 1972 (mGy .

Irradiated organ Makanchy Urdzhar Taskesken
(responsible radionuclide)
Thyroid (Iodine) 4.81 3.76 3.21

Whole body (Cs- 137) 0.152 0.126 0.118

Bones (Sr-90) 1.67 1.38 1.29

On March 18, 1972, a thermonuclear explosion, with a 20-200 kt yield, was conducted in the

PRC. In our calculations, we took the explosion yield to be 20 kt. In April of 1972, in the observed

population points, we took environmental samples (soil and vegetation) and milk samples.

Laboratory investigation results showed the presence of freshly produced fission products Sr-89, Zr-

95, Ba- 140 and radioiodines. The maximum concentration was found in the city of Ust'-

Kamenogorsk in the Kazakh SSR; it was 37 Bq/m 2. In the village of Makanchy in April 1972, the

concentration of Ba-140 was -300 times higher. Comparative results of our calculated parameters

and the averaged data obtained in the laboratory investigations are shown in Table 13.

Samples were selected 22 days after the explosion, which prevented us from determining the

short-lived iodine isotopes with our employed methods. However, the results obtained for iodine- 131

agree well with the calculations, and thus, with respect to the correlation of iodine-133 and -135 to

iodine- 131 24 hours after the explosion, the probable absorbed doses to the thyroid gland were

determined according to the total iodine isotopes, as shown in Table 13.
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Table 13. Radionuclide concentrations in soil, vegetation and milk at 24 hours after the explosion of
_____________March 18, 1972: sampling performed April 10, 1972 (Bq/kg)

Contamination Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
of:-___________ ken ken

Surface soil layer C21c. Actual Caic. Actual CRIc. Actual
Total 3.73E+4 4.44E+4 2.93E+4 4.35E±4 2.21 E+4 3.5 1E+4

1-131 1.88E+3 2.05E+3 1.57E+i3 1.65E+3 1.32E+3 1.44E+3
1-133 1.91 E+4 -- 1.54E+4 -- 1.21 E+4 -

1-135 7.56E+3 -- 5.5 1E+3 -- 3.76E+3 -

Cs-137 5.51E+1 4.91 E+ I 4.32E+ Ii 5.05E3+1 3.81E3+1 4.08E+1I
S905.43E+1 4.73E3 1 4.26E+1I 4.50E+l 3.75E+1I 4.09E+ I

Nz.getation

1-131 1.81E3+4 2.113ET4 1.51E3+4 1.73E+4 1.27E3+4 1.51E3+4
1-133 1.5 1E+5 1.48E3+5 -- 1. 16E3+5
1-135 7.22E+4 -- 5.29E3+4 -3.64E3+4

Cs-137 5.2913+2 5.78E+2 4.15E3+2 4.54E3+2 3.66E3+2 3.98E+2
Sr-90 5.22E3+2 5.69E+2 4.11 E+2 4.47E+2 3.6 1E+2 3.93E3+2

Milk

1-131 8.22E3+2 2.57E+2 6.87E3+2 2.09E+3 5.79E+2 1.72E+3
1-133 2.06E+4 -- 1.72E+4 -- 1.45E3±4

1-135 1.03E3+5 -- 8.65E+4 -- 7.28E+4 -

Cs-137 1.78E3+2 1.94E+2 1.39E3+2 1.47E+2 1.23E+2 1.34E3±2
Sr-90 1.83E+1 2.OOE+1I 1.45E+1I 1.59E+1I 1.27E3+I 1.39E+1I

Table 14. Calculated organ absorbed doses from various routes of intake after the explosion of
___________ __________ March 1 8, 1972 (mGy).___________

Irradiated Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
organ ___________________ ken ken

(Responsible Inhaled Peroral Inhaled Peroral Inhaled Peroral
Radionuclide)_______ ___________

Thyroid 5.81 3.17 4.80 2.65 4.06 2.24
(Iodine)___________________________

Whole body 0.218 0.381 0.176 0.297 0.164 0.263
(Cs- 137) _____________ __________

Bones 2.38 5.31 1.92 4.21 1.78 3.68
(Sr-90) I______ _ _ _ _ _ _______ _ _ _ _ _ _ _ _ _ _ ______

The external radiation doses of the population were caused by the passing cloud and by the
radioactive fission products precipitating; these were 0.581, 0.516, and 0.427 mGy, respectively, for
Makanchy, Urdzhar, and Taskesken.
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The radiation situation on the territories of the studied districts in 1973 was caused by the 2-3
MT yield thermonuclear explosion conducted in the PRC on June 27, 1973. In the calculations, we

took the yield to be 2.5 MT. Samples were taken of objects in the environment (soil, vegetation) and

of milk on July 10, 1973. Results of laboratory investigations indicated the presence of fresh fission

products Sr-89, Ba-140 and radioiodines. The accumulation in the soil of Zr-95 + Nb-95 is the most

sensitive index for the new appearance of nuclear explosion fission products from the atmosphere.

Even though these isotopes began to decay rapidly after cessation of fallout, with half-lives of 65 and
35 days, respectively, their ground levels could still be defined sufficiently well. The average content
of Zr-95 accumulated in the soil for the USSR after the Chinese explosion of June 27, 1973 was 148
Bq/m 2. In Taskesken village, the farthest away from the Lop Nur Test Site, its content in July of

1973 was 657,432 Bq/m 2. Comparative results of the calculated parameters and the average data
obtained in the laboratory investigations are presented in Table 15.

The doses of external radiation of the population were caused both by the passing cloud, and

by the fallout of radioactive fission products; they were 224, 202 and 172 mGy for Makanchy,
Urdzhar and Taskesken, respectively.

Table 15. Radionuclide concentrations in soil, vegetation and milk at 24 hours after the explosion of
June 27, 1973: sampling performed July 10, 1973 (Bq/kg .

Contamination Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
of: ken ken

Surface soil layer Caic. Actual Calc. Actual Calc. Actual
Total 1.45E+7 2.06E+7 1.31 E+7 1.95E+7 1.03E+7 1.65E+7

1-131 3.95E+5 4.40E+5 3.68E+5 4.05E+5 3.21E+5 3.43E+5
1-133 4.36E+6 4.63E+6 3.93E+6 4.42E+6 3.23E+6 3.16E+6
1-135 2.07E+6 -- 2.34E+6 -- 1.26E+6 --

Cs- 137 5.78E+3 5.75E+3 5.34E+3 5.26E+3 4.89E+3 4.86E+3

Sr-90 5.75E+3 5.80E+3 5.32E+3 5.21E+3 4.87E+3 4.85E+3

Vegetation ____

1-131 3.80E+6 4.51E+6 3.53E+6 4.01E+6 3.08E+6 3.49E+6
1-133 4.19E+7 9.91E+7 3.77E+7 9.01E+7 3.11 E+7 9.14E+7

1-135 1.99E+7 -- 1.65E+7 -- 1.20E+7 --

Cs-137 5.54E+4 5.63E+4 5.13E+4 5.27E+4 4.71E+4 4.61E+4

Sr-90 5.52E+4 5.66E+4 5.11 E+4 5.OOE+4 4.68E+4 5.23E+4
Mlk

1-131 9.96E+4 2.67E+5 9.33E+4 2.56E+5 8.19E+4 2.26E+5

1-133 2.50E+6 3.96E+6 2.34E+6 3.73E+6 2.05E+6 2.69E+6

1-135 1.26E+7 -- 1.17E+7 -- 1.03E+7 --

Cs-137 1.12E+4 1.09E+4 1.01E+4 1.04E+4 9.31E+3 9.52E+3

Sr-90 1.14E+e 1.16E+3 1.06E+3 1.09E+3 9.72E+2 9.84E+2
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Table 16. Calculated organ absorbed doses from various routes of intake after the explosion
of June 27, 1973 (mGy).

Irradiated Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
organ ken ken

(Responsible Inhaled Peroral Inhaled Peroral Inhaled Peroral

radionuclide)
Thyroid 1377 386 1301 361 1140 317

(Iodine)
Whole body 23.1 23.5 22.4 21.6 21.6 19.9

(Cs- 137)
Bones 255 331 248 307 239 281

(Sr-90) _ _ I

From 6/17/74 through 11/17/76 there were five known explosions in the PRC. According to

the meteorological conditions (wind direction and speed), only the explosions of January 23, 1976

and September 26, 1976 could have affected the radiation situation in these districts. The

underground explosion conducted on October 17, 1976 could not affect the southern portions of the

Semipalatinsk Province territory, since the fission products from this explosion practically did not

make it into the atmosphere. On November 17, 1976, a large yield thermonuclear explosion was

conducted. The fission products from this explosion were ejected into the stratosphere in the

northern hemisphere and were practically unseen in the near-surface atmosphere.

But on January 23, 1976, a low-yield underground nuclear explosion was conducted, with

venting of radioactive fission products into the atmosphere. The radioactive fission products of this

explosion were observed in various districts of the USSR. The effect on the population of the

January 23, 1976 explosion can be determined from the dose of external radiation from the cloud, for

Makanchy, Urdzhar, and Taskesken. These doses are 0.007, 0.006 and 0.005 mGy respectively, and

by the doses of internal radiation from inhaling radioactive fission products as the cloud passed over.

On September 26, 1976, in the region of Lop Nur lake, a 20 kt low-altitude atmospheric

nuclear explosion was conducted. Since no nuclear explosions were conducted in the atmosphere

during the previous year, the atmosphere had been significantly cleansed of radioactive contaminants

and the global background just prior to September of 1976 was low. Thus, the fission products of the

Chinese explosion under examination led to a significant increase in the radioactive contamination of

the atmosphere on the territory of the Soviet Union. Four days after the explosion, samples were

taken from the environment (soil and vegetation) and of milk in the observed population points. The

results of laboratory investigations indicated the presence of freshly produced fission products Sr-89,

Zr-95, Ba-140 and radioiodines. The average annual value for the USSR of the level of accumulation

in the soil of Zr-95+Nb-95 was 26.6 Bq/m2 . In Makanchy village, in September of 1976, the surface

soil contamination was -88 times higher. The comparative results of the calculated parameters and

the averaged data obtained in the laboratory investigations are presented in Table 17.
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Table 17. Radionuclide concentrations in soil, vegetation and milk 24 hours after the explosion

of September 26, 1976: sampling performed September 30, 1976 (Bq/kg). _____

Contamination Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
of: .____________ __________ ken ken

Surface soil layer Caic. Actual CaIc. Actual C2ic. Actual
Total 3.43E+4 4.18E+4 2.90E+4 3.62E+4 2.17E+4 3.OOE+4

1-131 1.67E+3 1.72E+3 1.49E+3 l.33E+3 1.26E+3 1.l19E+3
1-133 1.80E+4 8.23E+3 1.56E+4 7.05E+3 1.22E+4 5.52E+3

1-135 8.13E+3 -- 6.50E+3 -- 4.45E+3 -

Cs-137 4.64E+l1 4.61 E+ I 4.27E+lI 3.86E+ I 3.74E+ I 3.45E+ I

Sr-90 4.58E+1 4.56E+I1 4.21 E+ I 3.93E+1 3.68E+lI 3.51E+1

1-131 1.6 1E+4 1.45E+4 1.43E+4 1.33E+4 1.2 1E+4 1. 12E+4

1-133 1.73E+5 2.0O1E+5 1.50E+5 1.81E+5 1.18E+51 1.52E+5

1-135 1.30E+5 1.09E+5 6.24E+4 9.82E+4 4.28E+4 8.32E+4

Cs-137 4.46E+2 4.45E±2 4. 1OE+2 3.7 1E+2 3.60E+2 3.32E+2

Sr-90 4.39E+2 4.34E+2 4.04E+2 3.77E+2 3.53E+2 3.37E+2

1-131 7.20E+2 2.18E+3 6.45E+2 2.02E+3 5.46E+2 1.72E+3
1-133 1.81E+4 2.74E+4 1.62E+4 2.55E+4 1.36E+4 2.12E+4

1-135 9.04E+4 -- 8.12E+5 -- 6.89E+5 -

Cs-137 1.50E+'2 1.59E+2 1.38E±2 1,49E+2 1.21 E+2 1. 12E+2

Sr-90 1.55E+l I I.57E+l I .43E+1 1.33E+lI 1.25E+l1 1. 19E-s-I

The external radiation doses of the population were caused both by the passing cloud, and by

the fallout of radioactive fission products; they were 0.525, 0.465 and 0.3 84 mGy for Makanchy,

Urdzhar and Taskesken, respectively. A laboratory analysis of the milk samples did not permit us to

determine the short-lived isotope iodine-135 given the methods we used. However, the results

obtained for iodine- 131 and - 133 agree well with the calculated data, and thus, with respect to the

correlation of iodine- 135 to iodine- 131 24 hours after the explosion, the probable absorbed doses to

the thyroid gland were determined based on the total iodine isotopes (Table 18).

Table 18. Calculated organ absorbed doses from inhalation
after the explosion of September 26, 1976 (mGy). ________

*Irradiated organ Makanchy Urdzhar Taskesken
(responsible radionuclide)___________j

Thyroid (Iodine) 1.97 J 1.77 1.50

*Whole body (Cs- 13 7) 0.063 J 0.061 0.056

Bones (Sr-90) 0.692 j 0.663 0.6 13

The radioactive fission products from the two Chinese nuclear explosions of January 23 and

September 26, 1976 were recorded practically all over the territory of Kazakhstan. The maximum
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values of near-surface concentration and of atmospheric fallout for beta activity are shown in Table
19, where the December 1975 values were taken as "background".

Increased concentrations of total beta activity in the near-surface atmosphere in the city of
Semipalatinsk were observed from September 27 to November 15, 1976 and they exceeded
"background" values from 6 to 24 times. Increased concentrations of total beta activity in the
atmospheric precipitates were observed in Semipalatinsk from September 27 to October 28, 1976,
and they exceeded "background" values from 6 to 321 times. An isotopic analysis of aerosol samples
after the explosion conducted on January 23, indicated the presence of a large quantity of short-lived
isotopes. In the sample taken on January 29-30, 1976 in Semipalatinsk, the following was
discovered: 2.OE-4 Bq/1 Np-239 (on the day of sampling), 5.62E-5 Bq/l Ba-140, 3.55E-5 Bq/l Te-
132, as well as Nd-147, Ce-141, 144, Mo-99, 1-131, Be-7, Ru7-103, 106, Zr-95 and long-lived
isotopes. After the explosion conducted on September 26, a large number of short-lived isotopes
were also observed in the atmosphere. In Alma-Ata on October 16-17, the following were
discovered: 1.07E-6 Bq/1 U-237, 2.7E-5 Bq/1 Ba-140, 2.OE-5 Bq/1 Ce-141, 1.7E-5 Bq/i Zr-95, as
well as Ru- 103, Y-91, Sr-89, Nd- 147, Be-7 and other long-lived isotopes, particularly 9.3E-8 Bq/1 of
Mn-54. Our investigations of the isotopic composition of the near-surface air and of atmospheric
fallout conducted from October 8 to November 24 in the city of Semipalatinsk after the September
26, 1976 explosion are presented in Table 20.

Table 19. Maximum contamination of near-surface air and atmospheric fallout.
Location name Sampling date Concentration, Bq/I Ratio of concentration

I to "background" value
_______________'Altreplso IOf, January 23__________

Semipalatinsk January 29-30 0. 102E-3 162
Tselinograd January 30-31 7.215E-5 163
Balkhash Jan. 31 - Feb. 1 8.695E-5 214
Semipalatinsk Jan. 31 - Feb. 1 7.659E-5 122
Balkhash February 1-2 3.737E-5 92
Karaganda February 4-5 3.589E-5 97

After explosion of Septemb 26
Almaty October 11-12 I 9.879E-5 123
Semipalatinsk October 1 I - 13 1.665E-6* 24

Location name Sampling date 1Fallout, Bq /M2 per day Ratio of concentration
I __o_a____am to "background" value

After explosion-of Janfuary 23
Bakhty January 29-30 62.9 28
Balkhash Jan. 31 - Feb. 1 37.0 25
Semipalatinsk February 5-6 70.3 63

After explosion of September 26
Semipalatinsk I October I11- 12 ]296* I157
Semipalatinsk October 15-18 605* 321
*Note: These were personally measured, where the "background" was taken to be the average values
before contamination.
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Table 20. Maximum and minimum content of radionuclides in the near-surface air and in
atmosp eric precipitates (at the time of sampling).

Radionuclide Concentration in the air, Bq/I Contaminated fallout, Bq/m 2

(range of values) (range of values)

La- 140 (7.92 - 21.8)E-8 14.06 - 151.7

Ba-140 (6.88- 19.0)E-8 12.21 - 133.2

1-131 -- 2.22-3.7

Zr-95 (3.63 - 18.9)E-8 13.69 - 133.2

Nb-95 (2.04 - 11.8)E-8 4.44 - 84.36

Ru-103 (1.67 - 4.66)E-7 --

Ce-141 (4.55 - 26.3)E-8 3.70- 169.5

Sr-89 -- 17.76 - 57.72

Sr-90 1.48 - 2.96

In samples of vegetation taken in Semipalatinsk from October 13-18, the following

radionuclides were discovered: La-140 (220 Bq/kg), Ba-140 (191 Bq/kg), Zr-95 (494 Bq/kg), Ru-103

(171 Bq/kg), Sr-89 (87 Bq/kg) and Sr-90 (16.3 Bq/kg). In the samples of milk, we discovered 1-131

(10.4 Bq/1), Ba-140 (4.7 Bq/1), Sr-89 (5.92 Bq/1), and Sr-90 (0.96 Bq/1) of Sr-90. The dose rate from

precipitated radioactive fallout was 0.07 microR/hr, and the dose of external radiation of the

Semipalatinsk population was -0.49 microGy. The radiation dose of critical organs from detected

radionuclides was: bone tissue -- 0.07 microGy; lung tissue -- 0.004 microGy; and thyroid -- 1.01

microGy.

On September 17, 1977 an atmospheric nuclear explosion was conducted in the PRC whose

yield was close to the yield of the explosion conducted there a year earlier on September 26, 1976.

The altitude of the explosion was low, which resulted in dust particles and ground from the earth

surface being included in the radioactive cloud. Thirteen days after the explosion, environmental

samples (soil and vegetation) and milk samples were taken in the population points. The laboratory

investigation results indicated the presence of freshly produced fission products Sr-89, Zr-95, Ba-140

and radioiodines. The average value for Zr-95 over the territory of the Soviet Union was 277.9

Bq/m2 (recalculated for September 30, 1977). In Makanchy village, in September of 1977, the

surface soil contamination for Zr-95 was 1413 Bq/m2, that is, it exceeded the average for the Soviet

Union by - 5.1 times. The comparative results of the calculated parameters and the averaged data

obtained in the laboratory investigations are presented in Table 21.

The external radiation doses of the population were caused both by the passing cloud, and by

the fallout of radioactive fission products; they were 0.454, 0.401 and 0.330 mGy for Makanchy,
Urdzhar and Taskesken, respectively. The probable doses absorbed through inhalation (as the cloud

passed) and perorally (consumption of contaminated milk) are presented in Table 22.
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Table 21. Radionuclide concentrations in soil, vegetation and milk 24 hours after the explosion of
September 17, 1977:.sampling pe rred September 30, 1977 B__/kg).

Contamination Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
of:-______ _____ ken ken

Surface soil layer Caic. Actual Calc. Actual Caic. Actual
Total 2.52E+4 3.71 E+4 2.13E+4 3. 1-E+4 1.53E+4 2.62E+4

1-131 1.48E+3 1.36E+3 1.33E+3 1. 12E±3 1.11 IE+3 l.OIE+3
1-133 1.44E+4 1- .24E+4 -- 9.3 1E+3 -

1-135 5.08E+3 __ -4.01IE+3 -- 2.33E+3 -

Cs-137 4.48E+ I 4.51E+1 4.13E+l 3.79E+1I 3.63E+1I 3.35E+lI
Sr-90 4.4 1E+1I 4.28E+ I 4.06E+lI 3.58E+lI 3.57E+1 3.49E+lI

"Yegetation_ 
___

1-131 1 .42E+4 1 .45E+4 1 .27E+4 1. 17E+4 1 .06E+4 -1. 11 E+4
1-133 1.38E+5 1.83E+5 1. 19E+5 1.2 1E+5 8.94E+4 1.4 1E+5

1-135 4.88E+4 -- 3.85E+4 -- 2.24E+4 -

Cs-137 4.30E+2 4.20E+2 3.97E+2 3.64E+2 3.49E+2 3.22E+2
Sr-90 4.23E+2 4.11 E+2 3.90E+2 3.44E+2 3.42EH-2 3.34E+2

Milk

1-131 6.45E+2 2.18E+3 5.82E+2 2.02E+3 4.92E+2 1.72E+3
1-133 1.6 1E+4 2.74E+4 1.46E+4 2.55E+4 1.22E±4 2.12E+4

1-135 8.13E+4 -- 7.28E+4 -- 6.18E+4 -

Cs-137 1.45E+2 1.48E+2 1.33E+2 1.25E+2 1. 17E+2 1. 12E±2
Sr-90 1.50E+1 I I.54E+1I 1.38E+1 1.33E+l1 1.21 E+1 1. 19E+1I

Table 22. Calculated organ doses from various channels of intake
after the explosion of September 17, 1977 (mGy). _____ _____

Irradiated Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
organ ken ken
(Responsible Inhaled Peroral Inhaled Peroral Inhaled Peroral
radionucl ide) _____

Thyroid 4.36 2.49 3.96 2.25 3.25 1.89
(Iodine)__________ ___

Whole body 0.141 0.310 0.137 0.284 0.077 0.250
(Cs- 137) ______ _ _ _ _ _ __ ____ _____ _____ _ ____

Bones 1.53 4.35 1.49 4.00 0.837 3.51
(Sr-90) I______ _ _ _ _ _ _ _ __ _ _ _ _____ _____

On March 15, 1978, in China in the area of Lop Nur lake, a 20 kt yield nuclear explosion was
conducted. An expedition to collect samples was brought together five days after the explosion. The
results of the laboratory investigations indicated the presence of freshly produced fission products Sr-
89, Zr-95, Ba- 140 and radioiodines. The average accumulation of Zr-95 in the soil for the territory of
the Soviet Union was 59.2 Bq /M2 . In Taskesken village, in March of 1978, the surface soil
contamination for Zr-95 was 1679 Bq/m 2 ; that is, it exceeded the average Soviet Union values by -28
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times. The comparative results of the calculated parameters and the averaged data obtained in the
laboratory investigations are presented in Table 23.

Table 23. Radionuclide concentrations in soil, vegetation and milk 24 hours after the explosion of
March 15, 1978: sampling performed March 20, 1978 (Bq/ ).

Contamination Makanchy Makanchy Urdzhar Urdzhar Taskes- Taskes-
of: ken ken

Surface soil layer Calc. Actual Calc. Actual Calc. Actual
Total 3.50E+4 5.53E+4 2.92E+4 4.84E+4 2.19E+4 3.96E+4

1-131 1.68E+3 1.53E+3 1.49E+3 1.36E+3 1.26E+3 1.15E+3

1-133' 1.81E+4 8.20E+3 1.56E+4 6.68E+3 1.24E+4 5.59E+3
1-135 8.25E+3 -- 6.56E+3 -- 4.48E+3 --

Cs-137 4.63E+1 4.45E+1 4.25E+1 4.OOE+l 3.74E+1 3.49E+1
Sr-90 4.57E+1 4.41E+1 4.19E+I 3.96E+1 3.69E+1 3.29E+1I

1-131 1.61E+4 1.14E+4 1.43E+4 1.04E+4 1.21E+4 8.53E+3

1-133 1.75E+5 1.23E+5 1.51E+5 1.21E+5 1.18E+5 8.23E+4

1-135 7.92E+4 -- 6.30E+4 -- 4.31E+4 --

Cs-137 4.45E+2 4.27E+2 4.08E+2 3.84E+2 3.60E+2 3.36E+2
Sr-90 4.39E+2 4.23E+2 4.02E+2 3.79E+2 3.54E+2 3.16E+2

1-131 6.78E+2 1.83E+3 6.45E+2 1.65E+3 5.46E+2 1.72E+3
1-133 1.80E+4 2.61E+4 1.62E+4 2.15E+4 1.36E+4 2.12E+4

1-135 9.16E+4 -- 8.19E+4 -- 6.89E+4 --

Cs-137 1.49E+2 1.43E+2 1.37E+2 1.28E+2 1.21E+2 8.53E+1

Sr-90 1.55E+ I 1.49E+ 1 1.42E+ 1 1.32E+1 1.25E+1 8.83E+0

The external radiation doses of the population were caused by both the passing cloud and by
the fallout of radioactive fission products; they were 0.525, 0.465 and 0.384 mGy for Makanchy,
Urdzhar and Taskesken, respectively. The probable doses absorbed through inhalation (as the cloud
passed), and perorally (consumption of contaminated milk) are presented in Table 24.

Table 24. Calculated organ absorbed doses from various routes of intake after the explosion
of March 15, 1978 (mGy).

Irradiated Makanchy Makanchy Urdzhar Urdzhar Taskesken Taskesken

organ
(Responsible Inhaled Peroral Inhaled Peroral Inhaled Peroral

Radionuclide)
Thyroid 4.80 2.78 4.36 2.50 3.70 2.11
(Iodine)
Whole body 0.123 0.319 0.119 0.293 0.110 0.259
(Cs-137)
Bones 1.34 4.49 1.30 4.11 1.21 3.62
(Sr-90)
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On December 14, 1978, in the PRC, in the area of Lop Nur lake, a 20 kt nuclear explosion

was conducted. The effect on the population from the explosion can be determined according to the

dose of external radiation from the cloud which was 0.022, 0.019 and 0.0 16 mGy for Makanchy,

Urdzhar and Taskesken, respectively, and by the internal radiation doses from inhaling radioactive
fission products as the cloud passed. The probable absorbed doses from inhalation (as the cloud
passed) are presented in Table 25.

Table 25. Calculated organ absorbed doses from inhalation from the explosion
of December 14, 1978 (mG)

Irradiated Organ Makanchy Urdzhar Taskesken
(Responsible Radionuclide) __________ ________________

Thyroid (Iodine) 5.22 4.69 4.03

Whole body (Cs- 137) 0.111 0.106 0.063

Bones (Sr-90) 1.21 1.17 0.658

On November 12, 198 1, a low-altitude, 20 kt yield nuclear explosion was conducted in the

PRC. According to the meteorological conditions (wind direction and speed), the given explosion
could not affect the radiation situation of the Makanchy, Urdzhar and Taskesken districts of the

Semipalatinsk Province. Four days later, environmental samples and milk samples were taken. The

comparative results of the calculated parameters and the average data from the laboratory
investigations are presented in Table 26.

Table 26. Radionuclide concentrations in soil, vegetation and milk 24 hours after the explosion
of November 12, 1981: sampling performed November 16, 1981 (Bq/kg). _____

Contamination Mikanchy Makanchy Urdzhar Uirdzhar Taskes- Taskes-
of: _____________ken ken

Surface soil layer Caic. Actual Cale. Actual Calc. Actual
Total 4.49E+4 4.74E+4 3,78E+4 4.11 E+4 2.88E+4 3.45E+4

1-131 1.83E+3 1.99E+3 1.64E+3 1.83E+3 1.38E+3 1.31E+3
1-133 2.14E+4 2.06E+4 *1.86E+4 1 .87E+4 1.50E+4 1.46E+4

1-135 1. 17E+4 1.55E+4 9.50E+3 1,27E+4 6.8 1E+3 9.08E+3
Cs-137 4.69E+ I 4.62E+1I 4.33E+1 4.22E+1I 3.83E+1 3.50E+l

Sr-90 4.63E+ I 4.51E+1 4.26E+ 1 4.11 E+1I 3.78E+1 3.34E+1

Vegetation_____

1-131 1,77E+4 1.56E+4 1.58E+4 1.42E+4 1.33E+4 1.22E+4

1-133 2.16E+5 1.72E+5 1.79E+5 1.51E+5 1.44E+5 1. 16E+5

1-135 1.32E+5 -1. 14E+5 9.12E+4 1.OIE±5 6.54E±4 7.19E+4

Cs-137 4.5 1E+i2 3.78E+2 4.14E+2 3.49E+2 3.68E+2 3.09E+2

Sr-90 4.44E+2 3.63E+2 4.11 E+2 3.45E+2 3.63E+2 3,06E+d2

-1-131 7.80E+2 -7.02E+3 -- 5.97E+3 -

1-133 1.95E+4 -- 1.76E+4 -- 1.49E+4 -

1-135 9.8 1E+s4 -- 8.77E+4 -- 7.47E+4 -

Cs-137 1.5 1E+2 .1.22E+1I 1.39E+2 1.17E+1 1.24E+2 -1.05E+*1

Sr-90 1.57E+l 1.30E+1 1.45E+l 1. 12E+1I 1.28E+ I 1.07E+1
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The results of the laboratory investigations indicated the presence of freshly produced fission

products Sr-89, Zr-95, Ba-140 and radioiodines in the soil and vegetation samples. No freshly

produced products were discovered in the milk samples, and this is explained by the fact that at that

time, the longhorn cattle were housed in stalls, and they were given feed which had been prepared

earlier, and had been covered against atmospheric precipitates. The presence of freshly produced

radioisotopes in the vegetation was due to the fact that the vegetation had been taken from the open

locale. The average value of Zr-95 for the territory of the Soviet Union was -100 Bq/m 2. In the

village of Makanchy, in November of 1981, the surface soil contamination for Zr-95 was -2700

Bq/m2; that is, it exceeded the average Soviet Union values by -27 times. The concentration of dose-

forming radionuclides in air is calculated according to the method described in a previous section.

The absorbed radiation doses in mGy when radionuclides are inhaled into the body are presented in

Table 27.

Table 27. Calculated organ absorbed doses from inhalation after the explosion
of November 12, 1981 (mGy).

Irradiated Organ Makanchy Urdzhar Taskesken
(Responsible Radionuclide)
Thyroid (Iodine) 5.11 3.97 3.78

Whole body (Cs-137) 0.095 0.087 0.074

Bones (Sr-90) 1.04 0.942 0.813

The external radiation doses from the cloud were 0.021, 0.019 and 0.015 mGy, respectively, for

Makanchy, Urdzhar, and Taskesken.
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4.0 RADIOACTIVE CONTAMINATION OF SOIL AND FOOD PRODUCTS

4.1 RADIOACTIVE CONTAMINATION OF THE SURFACE LAYER OF SOIL AND
MIGRATION TO DEPTH OF ISOTOPES IN THE DISTRICTS UNDER STUDY

Figures 2 and 3 present the distribution of long-lived isotopes along the route.
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Figure 2. Distribution of long-lived isotopes in upper layer of soil along

the Bakhty-Zhanama route.
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Figure 3. Distribution of long-lived isotopes in upper layer of soil along
the Karabuta-Alexeevka route.
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For the entire territory under study, the isotope composition is comprised of potassium-40,
decay products of natural radioactive chains (uranium, thorium and actinium) and fission products

(cesium- 137 and strontium-90). According to the data in the table, we can easily trace an increased

content of strontium-90 and cesium-137 along the first route (from Bakhty to Taskesken). For the

second route, we note an increased content of the given isotopes in the population points of Besterek

and Novoandreevka (Urdzhar District), as they are located not far from the probable axes of the

passing radioactive tracks. The ratio of the specific activity of cesium-137 to strontium-90 is shown
in Table 28.

Table 28. Ratio of long-lived products Cs-137/Sr-90 in the top soil layer.

Sampling point Cs-137/Sr-90 ratio

Bakhty 1.132±0.379

Karatal 1.137±0.410

Makanchy 1.469±0.671

Karabuta 1.660±0.699

Blagodarnoe 1.956±0.889

Kirovka 1.491±+0.640

Urdzhar 1.324±0.553

Aksakovka 1.671+0.799

lrinovka 1.142±0.474

Besterek 1.503±0.629

Novoandreevka 1.780±0.734

Alekseevka 1.173±0.488

Laibulak 1.363±0.567

Predgomoe 1.529±0.646

Tekebulak 1.291±0.698

Taskesken 1.671±0.665

Zhanama 1.696±0.691

The global supply of Sr-90, according to the literature from 1985, is composed of 60% Cs-

137, that is, the ratio of Cs-137 to Sr-90 for global fallout is 1.6 to 1.7. However, the results of our

investigations in 1998 indicated that the correlation of Cs-137 to Sr-90 in the soil of the population

points located along the first route (from Bakhty to Taskesken) is somewhat less than for global
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fallout (1.132 to 1.529). And only in Taskesken and Zhanama do they correspond. For the second
route (from Karabuta to Alekseevka), the correlation data vary widely, from 1.291 to 1.956. The

scatter in the correlations can be explained by the fact that the given territories were contaminated

differently in different years, and also by the difference in the soils structures which result in different
sorption capability for radionuclides, which in turn affects migration processes.

Table B-1 (Appendix B) presents the average results (from three samples) of analyzing the 0-
5 cm layer of soil per the sampling plan. To determine the migration to depth of radioactive
elements, we sampled soil at depths of up to 100 centimeters. During the selection of locations for

sampling, we registered no significant difference in change of exposure dose rates, so the suggested
sections were selected according to the criteria presented in section 2. During the sampling,

instrumented investigations were conducted of the radioactivity distribution by layer. The average
measurement values in the population points of Bakhty, Makanchy, Urdzhar and Taskesken
depending on depth and type of recorded radiation are presented in Table B-2.

The results in the table indicate we were unsuccessful in obtaining a clear picture of the
migration to depth of radioactivity using this method at these population locations. The distribution
of all types of radiation was practically uniform for the entire depth of the small sampling pits. Some
increases above average values for depth are observed for alpha radiation: in Bakhty, 1.6, 1.5 and 1.8
times increase for depths 20, 40 and 50 cm, respectively; in Makanchy, 1.3 times increase at 10 cm
depth; in Urdzhar, 1.5 times increase at 40 cm; in Taskesken, 1.3 at 80 cm. The gamma radiation was
uniform for all sampling pits; in Makanchy, there was a small 1.2 times increase at 40 cm depth. The

beta radiation was uniform for all sampling pits with insignificant increases of - 1.1 times in
Makanchy at 5 and 60 cm depth, in Urdzhar at 80 cm, and in Taskesken at 10 cm.

Tables B-3 through B-6 present the results of laboratory measurements of the pit soil samples
in the population points of Bakhty, Makanchy, Urdzhar and Taskesken; Figures 4 through 7 present
the distribution by layer of specific activity of the long-lived fission products Sr-90 and Cs-137.
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Figure 4. Migration of long-lived isotopes to depth at Bakhty (Bq/kg).
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Figure 6. Migration of long-lived isotopes to depth at Urdzhar (Bq/kg).
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According to the tabular data, it is clear that 74.3% of the cesium-137 and 70.6% of the

strontium-90 is concentrated in the 0-30 cm layer of soil; and beginning at 30 cm, we see a uniform

distribution by depth (with some accumulation in the 50-60 cm layer). The migration of long-lived

isotopes does not end at 100 cm. For all layers (excluding the 0-5 cm layer), the specific activity of

St-90 is somewhat higher than that of Cs-137, and the total supply of Sr-90 to the studied depth

exceeds the total supply of cesium- 137 by 1.19 times.

The maximum content of Sr-90 (73%) and Cs-137 (76.3%) of the supply in the 0-100 cm

layer of soil in Makanchy (Table B-4) is contained in the 0-40 cm layers. With a relatively uniform

distribution of long-lived fission products in the lower layers, we noted an accumulation of Sr-90 in

the 50-70 cm layer, and of Cs-137 in the 50-60 cm layer. The total supply of Sr-90 is -1.12 times

higher than that of Cs-137, and they do not stop migrating at 100 cm. And here, the specific activity

of Sr-90 is somewhat higher than that of Cs-137, for all layers (excluding the 0-5 cm layer).

Table B-5 presents the results of measuring the layer by layer soil samples in Urdzhar village.

72.6% of the cesium-137 and 67.0% of the strontium-90 are concentrated in the 0-40 cm layers of

soil, and beginning at 40 cm, we observe their uniform distribution with depth. We noted an

accumulation of Sr-90 in the 50-70cm layer. The total supply of Sr-90 exceeds that of Cs-137 by

-1.13 times, and the specific activity of strontium-90 is somewhat higher for practically every layer

than that of cesium-137; and their penetration into the soil does not stop at 100 cm of depth.

The results of measuring the soil pit samples in Taskesken village (Table B-6) differ

somewhat from the results in the other population points. According to the tabular data, it is clear

that 81.5% of the strontium-90 is concentrated in the 0-50 cm layer of soil, and beginning at 50 cm,
we observe its uniform distribution with depth. Roughly half of the Cs-137 (55.8%) lies in the 0-20

cm layer; at greater depth, the cesium distribution by layer is practically uniform. However, the

migration of long-lived isotopes probably does not stop at 100 cm either. If the specific activity from

5 to 50 cm of Sr-90 is higher than in the lower-lying layers, we see some increase in the specific

activity for Cs-137. The total supply of Sr-90 is -1.25 times higher than that of Cs-137.

4.2 RADIOACTIVE CONTAMINATION OF VEGETATION

The intake of radioactive materials into the human body, with no nuclear testing, occurs

partially from the soil-vegetation-animal-human chain. It has been established that the biological

metabolic chain begins, in practice, not with the soil, but with grass in pastures. Thus, we monitored

the vegetation growing on the territories of the studied districts. Vegetation contamination is caused

by continuous global fallout, uptake into the feed system, and by secondary dusting from the surface

soil. The accumulation levels of radioactive fragments in the vegetation depend, on one hand, on the

fallout density, and on the other, on the growing conditions, and first of all, on the soil type, and on

the performance of various types of agricultural work. The content of the specific activity in
vegetation samples is shown in Table B-7.

The isotopic composition of the vegetation samples taken from the territory of the district

under study is basically identical in qualitative composition to the soil samples. An increased content

of strontium-90 and cesium- 137 (similar to the content in soil) can be traced along the first route
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(from Bakhty to Taskesken). Along the second route, an increased content of the given isotopes is

noted in the population points of Besterek and Novoandreevka (Urdzhar District), located closer to

the probable axes of the radioactive tracks. The content of the specific activity in vegetation for

strontium-90 varies from 0.243 (Zhanama) to 1.951 (Urdzhar) Bq/kg. The maximum content of

cesium-137 was determined in the vegetation samples from Bakhty village with a value scatter for the

first route of from 1.917 (Bakhty) to 0.601 (Tekebulak) Bq/kg. Along the second route, the scatter

was from 0.501 (Alekseevka) to 0.969 (Besterek). In all vegetation samples, we identified the

radionuclide ruthenium- 106. For the radionuclides strontium and cesium, we calculated the

coefficient of biological absorption (CBA Aveg / A,oil) and the ratio of cesium to strontium in

vegetation (Table B-8).

The obtained correlations for vegetation-soil for Cs-137 vary widely from 0.194 (Tekebulak)

to 0.575 (Irinovka), that is, the content of Cs-137 in vegetation comprises from 19.4 to 57.5% of its

content in soil. If we consider that the global fallout of Cs-137 is uniform for the entire district under

study, then such a scatter in values can only be explained by the differing soil structure. The

secondary dusting cannot contribute significantly to the contamination, since the density of

vegetation growth in these districts is significant. Only in the population points of Bakhty, Karatal,

Makanchy, Tekebulak and Taskesken, located in the steppe zone with less vegetation growth density,

can the secondary dusting play a major role. Sr-90 accumulates in the vegetation mainly through the

roots (3-10% of the content in soil with global fallout). According to our data, the transfer is from

14.6% (Tekebulak) to 63.2% (Karabuta), which confirms the presence of local fallout, whose

solubility coefficient at such distances away from the explosion location is very high (85%). In

addition, the transfer is determined by the nature of the soil, and does not exclude the role of

secondary dusting. The correlation-values of cesium to strontium in vegetation vary widely and

differ from similar correlations in global fallout.

4.3 RADIOACTIVE CONTAMINATION OF LOCALLY-PRODUCED FOOD PRODUCTS

In the population points of the Makanchy, Urdzhar and Taskesken Districts which entered

into our investigation zone, we took samples of milk, which is a significant part of the populations'

daily food intake. The concentration of radioactive fission products in the milk samples is shown in

Table B-9.The concentration of radioactivity in the food products depends directly on the

contamination of the vegetation ground cover by fission products. The qualitative isotopic

composition of the milk is identical to the vegetation samples. The content of specific activity in

milk for strontium-90 in the study district varies from 0.014 (Alekseevka) to 0.124 (Bakhty) Bq/1.

The maximum contamination with strontium is noted in the village of Bakhty. The maximum content

of cesium-137 is found as well in the milk samples from Bakhty; the scatter of values for the entire

district is 0.015 to 0.147 Bq/1.

Samples of meat, which has a definite significance in the populations' food rations, were

taken in the population points of the district under study. The specific content of radioactive fission

products in the meat samples is presented in Table B-10.

The meat samples are identical to the milk samples by qualitative composition. The content

of specific activity in meat for strontium-90 varies in the district under study from 0.0 19

(Alekseevka) to 0.101 (Makanchy) Bq/kg. The maximum content of cesium-137 was found in the
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meat samples in Bakthy; the value scatter for the entire district is from 0.015 to 0.165 Bq/kg. Table

B- 11 presents the transfer coefficients for strontium-90 and cesium-137 from vegetation to milk and

from vegetation to meat.
The results of measuring the concentration of radioactivity in milk and meat showed that the

transfer of fission products from vegetation to milk for strontium-90 was between 0.053 and 0.123,

and for cesium-137 0.042 and 0.105. 4.8-11% of strontium-90 and 3.0-12.8% of cesium-137 transfer

from vegetation to meat. The quantitative content of K-40 in milk and in meat does not exceed the
natural content of the radionuclide in these products.

Along with the meat samples, samples of animal bone were taken; these bones are used by

the local population to make bouillon. The concentration of radioactive fission products in the

animal bone samples is presented in Table B-12.

The accumulation of radionuclides in various organs of the human body, to a significant

degree, depends on the quantity taken in with food products of stable nuclides of the same element or

of the element of a chemical analog. So the accumulation of Sr-90 in bone tissue is determined

mainly by the content of Ca in the food ration. We did not determine the content of Ca along the

entire soil-vegetation-food products-human chain. The data in tables B-9 through B- 11 are used to

calculate the external radiation dose.
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5.0 SUMMARY OF DOSE EXPOSURE

5.1 EXTERNAL GAMMA RADIATION DOSES TO THE POPULATION

In our calculations per the given model (2), we obtained the following results of possible

doses (in mGy) for the territories of the population points located along the assumed axes of the

tracks formed from a series of explosions (Table 29).

Table 29. External doses received (mGy) at three selected locations.

Dati of,k" ir,oson Maka by rdzbar' Taskesken
From At the To the From At the To the From At the To the

cloud loca- popu- cloud loca- popu- cloud loca- popu-
tion lation tion lation tion lation

12/28/66 0.141 6.20 4.07 0.124 5.33 3.63 0.100 4.61 3.03

6/17/67 4.89 220.0 143.0 4.31 196.0 129.0 3.54 166.0 109.0

1/7/72 0.020 0.874 0.575 0.018 0.776 0.510 0.014 0.643 0.422

3/18/72 0.019 0.885 0.581 0.017 0.786 0.516 0.014 0.651 0.427

6/27/73 8.17 341.0 224.0 7.24 308.0 202.0 5.99 262.0 172.0

1/23/76 0.007 0.317 0.208 0.006 0.280 0.184 0.005 0.230 0.151

9/26/76 0.018 0.799 0.525 0.016 0.708 0.465 0.013 0.585 0.384

9/17/77 0.015 0.692 0.454 0.013 0.612 0.401 0.010 0.504 0.330

3/15/78 0.018 0.799 0.525 0.016 0.708 0.465 0.013 0.585 0.384

12/14/78 0.020 0.924 0.608 0.019 0.821 0.540 0.016 0.681 0.448

11/12/81 0.021 0.903 0.594 0.019 0.802 0.527 0.015 0.665 0.437

Total 13.34 573.4 375.1 11.80 515.0 338.2 9.73 437.2 287.0

Note: the doses received from the explosions of 9/26/76 and 3/15/78 were identical at each city owing to

similar yields and weather conditions; this is not a misprint.

Considering the time of the explosion (winter, spring, summer, fall) and the behavior of the

population depending on season, the actual doses to the population who lived from 1966 to 1981 in

the population points of Makanchy, Urdzhar and Taskesken could be 369.3, 333.0 and 282.7 mGy,

respectively. (Note slight differences from data presented in Table 28; not sure why this discrepancy

exists.) The principal doses could have been obtained from the explosions conducted on 17 June

1967 (143, 129, 109 mGy) and 27 June 1973 (224, 202, 172 mGy). One should note that the

principal action on the population occurred due to the doses from the fallout of radioactive fission

products. The doses from the passing cloud are, as a rule, not greater than 3.7%.

The total of external radiation from fallout of radioactive precipitates to the Earth's surface is

made up of many radionuclides which emit gamma radiation; however, only some of these contribute

greatly to this dose. The annual human absorbed dose of external gamma radiation is caused by the

fission products from nuclear explosions which have accumulated in the ground; we estimated this

according to the supply of Cs-137. To estimate the dose, we use the transfer coefficient for the Cs-

137 supply in the soil to the absorbed dose. For the forest-steppe and the steppe zones, it is 34
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mrad/year per I Ci/km 2, which corresponds to 9.189 microGy/year per 1 kBq/m2. The results of our
calculations are presented in Table 30.

Table 30. Amount of Cs-137 in soil of investigated population points and annual
absorbed dose of gamma-radiation for 1998.

Population Point Amount of Cs-137, kBq/m2  Annual absorbed dose,
microGy

Makanchy District _....... .. . ...__

Bakhty 0.570±0.086 5.238±0.791
Makanchy 0.476±0.144 4.373±1.323
Karatal 0.490±0.156 4.503±1.433
Karabuta 0.187±0.055 1.718±0.505
Blagodamoe 0.158±0.047 1.452±0.432
KirovKa 0.114±0.035 1.048±0.322

'Urdzhar.District:
Urdzhar 0.347±0.099 3.189±0.910
Aksakovka 0.110±0.035 1.011±0.322
1rinovKa 0.073±0.021 0.671±0.193
Beseterek 0.282±0.080 2.591±0.735
Novoandreevka 0.194±0.058 1.783±0.533
Alekseevka 0.034±0.011 0.312±0.101

* Taskesken District
Laibulak 0.320±0.093 2.941±0.855
Predgomoe 0.309±0.098 2.839±0.901
TekebulaK 0.240±0.112 2.206+1.029
Taskesken 0.281±0.081 2.582±0.744
ZhanaMa 0.078±0.024 0.718±0.221

For comparison, we can state that the annual absorbed dose from gamma radiation of
naturally radioactive elements (K-40, U-238, Th-232) found in the soil (typical range is 123-788
microGy/year) is significantly greater.

5.2 INTERNAL RADIATION DOSES TO THE POPULATION

The total doses of internal radiation by inhalation or perorally (in mSv) are presented in Table
31. The doses from inhalation were determined according to the calculated concentrations of
radionuclides in the air; and perorally, according to the measured radionuclide concentrations in
milk.

The dose from explosions which are noted with an asterisk in Table 31 were calculated only
for inhalation, since there was no direct contamination of animal feed, and consequently, the milk
could not have been contaminated. The main contribution to the dose to the thyroid was due to
iodine radioisotopes inhaled into the human body as the radioactive cloud passed over (from 63 to
78%). Given this, -73% forms from 1-133 and 135 effects, which agrees well with the composition
of fission products from instantaneous fission after 24 hours. This also confirms the assumption that,
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at significant distances away from the explosion location, we have a practically non-fractionated
mixture of radioactive fission products in the range of biologically significant fallout fractions (d <

50 microns). Peroral intake is the determinant factor in forming doses of long-lived Cs-137 and Sr-

90 isotopes entering the body in explosions with a yield on the order of 20 kt. The dose from

consuming contaminated milk is -2 times higher than the dose from inhaled intake.

Table 31. Internal radiation doses (mSv) at three selected locations.

Date of Makanchy Urdzhar Taskesken
Explosion

To To To To To To To To To
thyroid whole bone thyroid whole bone thyroid whole bone

body body body

12/28/66* 33.7 1.14 12.5 31.1 1.12 12.2 26.4 1.06 11.2

6/17/67 1301.0 47.3 581.0 1201.0 45.8 560.0 1130.0 49.2 613.0

1/7/72* 4.81 0.152 1.67 3.76 0.126 1.38 3.21 0.118 1.29

3/18/72 8.98 0.599 7.69 7.45 0.473 6.13 6.30 0.427 5.46

6/27/73 1763.0 46.6 586.0 1662.0 44.0 555.0 1457.0 41.5 520.0

1/23/76* 1.97 0.063 0.69 1.77 0.061 0.66 1.50 0.056 0.613

9/26/76 7.53 0.455 5.97 6.85 0.426 5.58 5.34 0.366 4.79

9/17/77 6.85 0.451 5.88 6.21 0.421 5.49 5.14 0.327 4.35

3/15/78 7.58 0.442 5.83 6.86 0.412 5.41 5.81 0.369 4.83

12/14/78* 5.22 0.111 1.21 4.69 0.106 1.17 4.03 0.063 0.658

11/12/81* 5.11 0.095 1.04 3.97 0.087 0.94 3.78 0.074 0.81
Total 3146 97.4 1210 2936 93.0 1154 2649 93.5 1167

* Only exposure from inhalation calculated.

The internal radiation doses (equivalent absorbed dose) from the intake of Sr-90 and Cs-137

via food products was calculated according to the method described in a previous section and are

recorded in Table 32.
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Table 32. Equivalent absorbed dose from food products
in population points in 1998 (mGy).

Population Point Milk Meat Bones Total dose

Cs-137 Sr-90 Cs-137 Sr-90 Cs-137 Sr-90

Bakhty 0.315 35.97 0.142 11.14 0.018 7.915 55.50
Karatal 0.197 28.43 0.129 8.700 0.014 7.322 44.79
MaKanchi 0.280 32.20 0.107 11.72 0.011 9.778 54.10
Karabuta 0.113 21.47 0.052 7.076 0.006 6.342 35.05
Blagodarnoe 0.096 17.99 0.049 7.308 0.004 4.392 29.84
Kirovxa 0.094 10.73 0.041 3.944 0.004 3.558 18.37

Urdzhar 0.270 29.88 0.098 10.90 0.010 8.962 50.12
AKsakoVKa 0.071 8.413 0.042 3.480 0.003 3.740 15.75

IrinOVKa 0.062 9.573 0.036 3.944 0.002 3.465 17.08
BestereK 0.137 27.27 0.075 8.004 0.006 5.815 41.31
Novoandreevka 0.124 19.15 0.054 5.800 0.005 4.776 29.91
AlekseevKa 0.032 4.061 0.013 2.204 0.002 2.194 8.506
Taskeski nDistriCt .. ___.. .. ....
Laibulak 0.244 24.95 0.084 9.048 0.008 8.829 43.16
Predgomoe 0.175 24.08 0.072 8.004 0.007 8.654 40.99
TekebulaK 0.135 11.89 0.066 3.828 0.005 6.222 22.15
Taskesken 0.161 23.79 0.071 8.700 0.006 7.556 40.28
Zhanama 0.071 8.413 0.035 2.552 0.002 2.322 13.40

The initial assumptions are as follows:
-concentration of Cs-137 and Sr-90 in food products (meat, milk) and in water remained
constant over the course of the year;
- intake of contaminated products into the body occurred on a daily basis over the year;
- doses were calculated for adults over a period of 50 years;
- the content of calcium in the studied products was not determined, therefore the protective

effect from ingesting calcium was not considered;
- "standard human consumption": meat- 0.2 kg/day; milk- 0.5 I/day; water- 2.2 I/day; bones

for bouillon- 0.2 kg/day;
- extraction of Sr-90 from the bones when boiled- 1%;
- Sr-90 and Cs- 137 are uniformly distributed inside the organ or tissue under study;
- doses from Sr-90 are calculated for the bones and doses from C-13 7 for the whole body.

When calculating the doses, the following was assumed:
- the concentrations of Cs-137 and Sr-90 in foodstuffs (meat, milk) and water was assumed to
be constant over each year;
- intake of contaminated products was considered to be daily and constant;
- according to the recommendations of the International Committee on Radiation Protection,
we introduced a damage factor for Sr-90 of N = 5.5; f= 0.09 is the fraction of Sr-90

deposited in the bones, relative to the total intake from ingestion;
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- doses were calculated for adults for a period of 50 years, from age 20 to 70;
- mbo,, = 7 kg (standard man);
- f= I is the fraction of Cs-137 deposited in the whole body, relative to the total intake from

ingestion;
- mwhole bWy = 70 kg (standard man);
- tj = 365 days, the time of intake;
- t 2 = 50 years (18,250 days), the time at which intake stopped.

The obtained results show that the equivalent absorbed dose was caused by Sr-90. The

contribution of Cs-137 to the total dose was -0.9%.
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6.0 OVERVIEW OF CANCER MORTALITY IN THE EXPOSED AND CONTROL
DISTRICTS

Among the exposed population of the Makanchy District, we noted the significant dynamics
of increase and decrease of the relative risk of cancer mortality in this period. The greatest relative
risk was recorded in the years 1987-88 (1.76 and 1.76, respectively). In the four subsequent years, the
relative risk of overall cancer mortality decreased, reaching 1.36 in 1996. Among the population in
the exposed groups in the remaining districts, and also in the control district, the dynamics of overall
cancer mortality increased slightly but not significantly so during all the years of the investigation.

An analysis of the dynamics of the level of fatal cancer cases for individual primary sites
among the population of Makanchy District showed that only lung and breast cancer exceeded the
indices for the control cases; the relative risks thereof were: for lung cancer, 1.63-3.53; and for breast
cancer, 1.45-3.08. The average age of those who died of these cancers was roughly equal to that of
the exposed and the control groups, i.e., 58.4 + 1.1 years for lung cancer, and 61.2 + 0.9 years for
breast cancer.

Thus, it was only among the population of the Makanchy District that we recorded an
excessive number of cases of these two cancers above the existing increase. The radiation dose of
the population in this district was much higher than in the other two districts (Urdzhar, Taskesken).

If we consider that the principal effective equivalent doses to the exposed population were
formed from 1967 to 1973, then we can assume that the latency period until observation of excess
fatal cases of cancer was 12 to 15 years. An excess of fatal cancer cases occurred among people who
were 40-50 years of age at the time of irradiation.

In the radiobiology literature, the issue of sensitivity of individual cancer sites to the effects
of ionizing radiation is widely debated. According to the majority of investigators, hemoblasts are
the most sensitive to the radiation factor [41, 42]. There is also no doubt regarding the high
radiosensitivity of the thyroid gland [43, 44, 39, 45]. Investigations from the last years have shown
that lung and breast cancers also are highly radiosensitive [46, 47].

The issue of the duration of the latency period between the effects of ionizing radiation and
the emergence of malignant neoplasms is the subject of many scientists' investigations. In 1989 S.C.
Darby (48), having analyzed the results of radiation therapy on 14,000 patients suffering from
ankylosing spondylitis from 1935 to 1950, concluded that the risk of cancer occurrence in this group
of individuals increased 20 years after irradiation and decreased after 30 years. Japanese authors
[49], 45 years after the nuclear bombing of the Japanese cities of Hiroshima and Nagasaki, analyzed
the onco-epidemiological data obtained as a result of observations of the irradiated contingent. The
investigations were successful in establishing that the risk of developing leukoses in those irradiated
began to increase 2-3 years after the bombing, reaching its peak after 5-7 years, and then began to
decrease. However, even in 1981-85, in the population under study, a statistically significant
increase in risk was noted. Excess mortality from other tumors began to emerge in the early 1960s
(15 years after the nuclear bombing) for those who were of middle and advanced age at the time of
the bombing. In those who were younger at the time of the bombing, the risk of emergence of
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malignant neoplasms appeared later, at the age where spontaneous solid tumors usually tend to
appear. Depending on the patients' age and their dose, an increased risk was noted for cancer of the
esophagus, stomach, breast, lungs, urinary tracts, ovaries, liver, and bile ducts.

One of the most complex issues before investigators is the question of the dose dependence of
the frequency of inducing carcinogenesis [50, 51 ].

In the opinion of Russian investigators [52], there is a clear dependence of the frequency of
development of malignant neoplasms in the circulatory and lymphatic tissues on the intensity and
total dose of radiation. The authors suggest that the value of the dose, beginning from which an
increase in mortality of the irradiated contingent of individuals from acute leukosis above the level of
spontaneous indices becomes obvious, is more than 500 mGy per year and greater than I Gy in total.
These data agree with the results of medical examinations [53]. However, several authors [54]

suggest that the appearance of malignant neoplasms can be induced already when external radiation
doses are on the order of 100 mGy. It has been calculated [55] that the risk of death from cancer at a
dose of 10 mGy is 5 to 10 cases per 10 thousand of irradiated population. According to the data of
other authors [56], a 10 mGy dose of ionizing radiation carries a lifetime risk of 10-4 for developing a
case of cancer with a fatal outcome.

Independent investigators [57, 58] traced the fate of Japanese irradiated in Hiroshima and
Nagasaki from 1975 to 1988. The authors confirm that the cancer risk was greatly reduced in earlier
conducted investigations. The use of improved linear-quadratic risk models to extrapolate risks from
high doses to low (from 10 to 100 mGy) doses permitted us to calculate that ionizing radiation has a
fourfold stronger oncogenic effect than was considered earlier. Exposure to a dose of I mSv/year
over a lifetime leads to 500 additional cancer deaths per 100,000 exposed individuals, if the entire
dose were received at one time. In children, with other things being equal, the cancer risk turned out
to be two times higher than in adults.

It has been established that the sensitivity to radiation carcinogenesis depends on the age of
the irradiated individuals at the time of effect of the ionizing radiation [58]. Children are much more
sensitive to the carcinogenic effects of radiation [59].

The majority of investigators note a dependence of the latency period duration in getting
radiation-induced tumors on the age of the person at the time of irradiation [60, 61, 62]. It was
shown that with acute leukoses, the latency period for individuals irradiated at an earlier age turned
out to be shorter, whereas with myeloma, the latency period was longer for this age group. This
condition was repeated in an analysis of the data for cancer of the lungs, stomach and breast. The
frequency of radiation-induced cancer in these sites began to increase only when the individual
subjected to radiation attained an age at which this form of cancer usually develops in non-irradiated
individuals. As a result, the latency period in those who died from these cancers was longer the
younger they were at the time of irradiation. Thus, with lung cancer in individuals irradiated at age
10-19, the latency period was 25-30 years, and in those irradiated at age 50, it was 10 years.

The results of our investigations confirm the opinion of the majority of the authors who noted
the presence of dose limits (thresholds) in the appearance of radiation-induced tumors, as well as the
modifying effect of the age at time of irradiation. Breast and lung cancer were recorded with more

44



frequency among the exposed population groups in the Makanchy district, which received a greater
radiation dose. The established duration of the latency period (13-15 years) allows us to ascertain the

achievement of cancer effects in the group that was at age 40-45 at the time the effective radiation
doses are formed. We can expect that in the subsequent years, excess oncological illness cases will
appear (radiation induced solid tumors) among the population we monitored, whose age at time of
irradiation was 20-30 years.

6.1 EPIDEMIOLOGICAL INVESTIGATION OF THE DYNAMICS AND STRUCTURE OF
FATAL CANCER CASES AMONG THE EXPOSED AND CONTROL POPULATIONS

A descriptive epidemiological investigation of the dynamics of the extent of fatal cancer
cases among the populations of the districts under study was conducted for the situation from 1949 to
1966. Tables C-I and C-2 (Appendix C) present the dynamics of annual numbers in the radiation risk
groups in the districts under study. The numbers given characterize only the population who
continually lived in the observed districts. Not included in our data processing are individuals who
arrive to these districts from other territories. The above-mentioned correction was done every 5

years: before 1970, according to retrospective analysis of materials; and after 1971, according to
prospective actual data, obtained from local government authorities and census data in the monitored
districts.

From the data in Table C-1, it is clear that the numerical composition of the monitored
population in the Makanchy District increased from 20,000 (in 1949) to 39,500 (in 1996).
Preliminary statistical processing of study materials for all the years did not uncover any significant
differences in all the studied indices for cancer mortality of the populations in the Urdzhar and
Taskesken Districts. Therefore, the study groups, as well as the indices of cancer mortality in these

districts, were combined. We recorded a more than twofold increase in the population numbers for
these districts for the 1949 to 1966 time period (37,500 to 87,000, Table 49). Such an increase in
numbers is related not only to the demographic dynamics of birth, but also, in fact primarily, to the

significant increase in the number of migrants arriving in these territories before 1963 (agricultural
policy of the former USSR).

The numerical composition of the comparison groups (Kokpekty District of the
Semipalatinsk Province), which practically did not suffer from radiation exposure during the testing

period on the Semipalatinsk and Chinese test sites, possessed an adequately representative group of

from 20,000 (1949) to 32,000 (1996) people. For the entire duration of the investigation period, we
registered an insignificant prevalence of women over men. The age distribution in the study groups
was adequate for all districts: age group 0-19, as a rule, constituted 40-45% of the overall numerical

composition; age group 20 and above constituted 55-60%. The numbers in the age groups were
roughly identical for all the years: 20-29 (up to 14%), 30-39 (up to 15%), 40-49 (up to 11%), 50-59
(up to 10%) and 60 and above constituted close to 5% of the monitored population.

The similar dynamics in the numbers allowed us to establish and correct standardized indices
for cancer mortality of the monitored population.
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The main objects of investigation were the death certificates of specific individuals who died
from cancer. Before 1963, analysis of cancer mortality among the radiation risk groups was based on
retrospective data obtained from death certificates and the statistics of the province administrations.
However, beginning in 1964, employees of the Institute independently monitored cancer mortality in
the population of the study districts on an annual basis; they then corrected the list of individuals who
lived continuously in the study districts.

6.2 INVESTIGATION RESULTS

For the entire study period, among the population of the Makanchy District, we registered
1,813 fatal cancer cases (933 men, 800 women); in Urdzhar and Taskesken Districts, 2,576 (1,339
men, 1,237 women); and in the Control District of Kokpekty, 1,442 cases (702 men, 740 women).

The integrated indices of the level of overall cancer mortality for the total population quantity
from 1949 to 1996 were: in Makanchy District, 122.4 cases per 100,000; in Urdzhar and Taskesken
Districts, 88.5 cases per 100,000; and in the Kokpekty District (control), 102.4 cases per 100,000
population.

The dynamics of overall cancer mortality in the Urdzhar and Taskesken populations, as in the
control Kokpekty District, did not undergo significant fluctuations over the years of the investigation.
A preliminary processing of the investigation materials for the Kokpekty District permitted us to

discover a peculiar excess: beginning in 1985 until 1996, the level of overall cancer mortality rose
significantly and averaged 175.6 cases per 100,000 population. The integrated index for overall
cancer mortality in this district for the previous 35 years (from 1949 to 1984) was 99.25 cases per
100,000 (p<0.01) as shown in Figure 8.

A further analysis of the investigation materials will be made of the above-mentioned

references.
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Figure 8. Dynamics of standardized total cancer mortality rates (SMR) of the population in the study
districts (per 100,000 people).

46



6.3 DYNAMICS OF CANCER MORTALITY AMONG THE MONITORED POPULATION

The level of overall cancer mortality among the population was studied for three periods.

The first period covers 1949 to 1963, prior to nuclear weapons testing in the PRC. The second

period includes the period of nuclear weapons testing in the atmosphere (1964-1981). It is during

this period that the principal effective equivalent radiation doses formed among the populations under

study. The third period is the time after above ground testing was banned, and includes 1982 to

1996. One could expect to encounter post-radiation cancer effects within this period of time. As was

noted above, the total effective dose of external gamma radiation for the residents of the Makanchy

District was 375.1 mGy for the entire testing period. The Kokpekty District population (comparison

group) received a total effective dose of not more than 50 mGy for all the years that nuclear weapons

were tested at the Semipalatinsk test site.

An analysis of the standardized indices for overall cancer mortality (standard mortality ratio,

or SMR) of the exposed population in the study districts and in the comparison groups indicated the

lack of significant differences in these indices in all the districts studied in the first period (1949-

1963). This index turned out to be the smallest among the population in the Urdzhar and Taskesken

districts, 55.3-68.1 cases per 100,000 population. In the Makanchy and Kokpekty Districts, the

standardized index of overall cancer mortality ranged from 70 to 84.2 cases per 100,000. In

subsequent years, among the populations of the Urdzhar, Taskesken and the control Kokpekty
Districts, the standardized index of overall cancer mortality, increasing slightly, reached the level of
104.5-118.7 cases per 100,000 population (Tables C-4 through C-6; Figure 8).
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Figure 9. Dynamics of relative risk of lung cancer among the population of the Makanchy, Urdzhar
and Taskesken Districts.
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Figure 10. Dynamics of relative risk of breast cancer among the population of Makanchy, Urdzhar
and Taskesken Districts.

A different picture was observed when analyzing the standardized index of the level of

cancer mortality among the Makanchy District population. Before 1984, the index rose steadily from

75 to 122.9 cases per 100,000. Beginning in 1985 we noted a significant increase in this index from
155.6 in 1985 to 214.3 in 1987 (p < 0.01).

The excess fatal cancer cases among the Makanchy District population (1985-1987)
comprised 78 cases (67.8%) as compared to the control index. During this period, the annual rate of

increase in excess fatal cancer cases among the Makanchy District population was 22.6%. In the

subsequent years (1988-1996), the excess spontaneous level of fatal cancer cases among the

Makanchy District population amounted to 256 cases (75%). The annual rate of increase in excess

fatal cancer cases among the Makanchy District exposed group was 8.3% The attributive risk of

overall cancer mortality among the Makanchy District population for the period from 1985 to 1996

and the attributive percent risk were, by year:

Year Overall Cancer Mortality Attributive risk
1985 35.0 22.4%
1986 45.5 27.5%
1987 92.5 43.1%
1988 90.2 43.1%
1989 73.7 37.8%
1990 77.1 38.2%
1991 51.3 31.0%
1992 45.7 26.4%
1993 35.8 23.0%
1994 38.5 23.6%
1995 49.9 30.5%
1996 40.8 25.3%

The results of analyzing the relative risk of fatal cancer cases among the studied districts were

obtained adequately per the above (Tables C-7 and C-8). Of the materials represented in the tables, it
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is clear that among the population of all the study districts, the relative risk of overall cancer
mortality until 1984 did not exceed 0.77-1.17. Further the increase in relative risk up to 1.17 was
recorded among the Makanchy District population from 1950 to 1952. In the subsequent years up to
1996, among the Urdzhar, Taskesken as well as the Kokpekty Control Districts, the relative risk of
overall cancer mortality, as a rule, did not exceed 1.0.

Among the exposed population of the Makanchy District we discovered significant dynamics
of increase and decrease in relative risk from 1985 to 1996. The greatest relative risk of overall
cancer mortality was recorded in 1987 and 1988 (1.76, and 1.76, respectively). In the four
subsequent years, the relative risk of cancer mortality among the population of this district slowly
decreased, reaching the level of 1.36 (1992), and in the subsequent years to 1996, it remained
practically unchanged.

6.4 STRUCTURE OF CANCER MORTALITY AMONG THE POPULATIONS

The widespread materials on the study of the abundance of cancer among the
Semipalatinsk Province population for 1949 to today indicate the high ethnic predisposition of the
population to malignant tumors located in the gastrointestinal tract, particularly cancer of the
esophagus. According to the data of the Republic's state statistical organs, cancer of the esophagus
and stomach in the territory of Semipalatinsk Province for the 1960s, 1970s and 1980s was four times
higher than the spontaneous level accepted as average indices for the former USSR.

Tables 33-36 present data on the structure of cancer mortality of the population in the study
and control districts of the Semipalatinsk Province. As follows from the represented tables, from
1949 to 1972, among the populations of the study districts, fatal cases of cancer located in the
gastrointestinal tract comprised the overwhelming majority (68-70.6%). In the next 10 years to 1982,
we noted a tendency in the structure of cancer mortality toward a reduction in the overall number of
cancers located in the gastrointestinal tract. During this period, they decreased significantly in both
the exposed groups and in the control group (p < 0.05). A significant decrease in the number of fatal
cancer cases located in the gastrointestinal tract was observed again in the following 10 years (p <
0.05), comprising 32.8-45.9% in 1992. One should note that in the Kokpekty Control District, from
1992 to 1996, the number of cancer cases located in the gastrointestinal tract again reached the initial
levels (45.9-60.3%) (Table 33).

In the Urdzhar and Taskesken Districts (Table 35), and also in the Kokpekty Control District
(Table 36), the reduction in the number of fatal cancer cases located in the gastrointestinal tract was
accompanied by a moderately expressed increased in the number of cases of other located cancers
(lung, breast). In these districts, no significant increase in the number of localizations was noted. A
different picture in the dynamics of the structure of fatal cancer cases was observed among the
exposed population in the Makanchy District. With the significant reduction in the number of
gastrointestinal tract cancer cases from 1982 to 1996 (to 32% (p < 0.01), lung and breast cancer took
first and second place. So, from 1972 to 1992, a threefold increase in the number of lung and breast
cancer was noted (25% and 14.1%, respectively) (Table 33). These localizations also took first and
second place in 1996 (22.2, 12.7%, respectively) in the structure of fatal cancer cases among the
Makanchy District population.
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Table 33. Structure of cancer mortality among the population of the study and control districts
(percentage of total cancers).

1963 1972 1982

Makanchy Urdzhar, Kokpekty Maicanchy Urdzhar, Kokpekty Makanchy Urdzbar, Kokpekty

Taskes- Taskes- Taskes-

ken I ken ken _

GI tract 68.0 69.2 66.5 70.6 72 68.7 57.1 45.9 52.3

Lung 8.0 5.5 8.3 8.8 6.0 9.3 11.9 7.9 13.1

Breast 4.0 2.7 4.1 5.9 4.0 6.2 7.1 3.2 7.8

Other 20 22.6 21.1 14.7 18 15.8 23.9 43 26.8

1992 1996
Makanchy Urdzhar, Kokpekty Makanchy Urdzhar, Kokpekty

Taskesken Taskesken

GI tract 32.8 33.2 45.9 34.9 34.4 60.3

Lung 25 8.7 17.9 22.2 10.9 10.5

Breast 14.1 6.9 7.6 12.7 6.4 7.8

Other 28.1 48.8 28.6 30.2 48.3 21.4

Table 34. Structure of cancer mortality among the population of Makanchy
District percentage of total cancers)

Cancer site 1949 1963 1972 1982 1992 1996
Esophagus 33.3 28 32.3 16.7 7.8 9.5

Stomach 26.7 20 26.5 19.0 10.9 9.5
Liver 6.7 8 5.9 4.8 4.7 3.2

Intestines 6.7 8 5.9 9.5 6.3 9.5

Pancreas - 4 - 7.1 3.1 3.2

Lung - 8 8.8 11.9 25 22.2
Urinary bladder 6.7 4 2.9 7.1 4.7 4.8

Kidney 6.7 4 2.9 7.1 4.7 4.8

Skin - - - - 1.6 1.6
Breast - 4 5.9 7.1 14.1 12.7

Ovary 6.7 8 5.9 4.8 1.6 3.2

Corpus uteri 6.7 - - 2.4 - 1.6

Cervix uteri - 2.9 2.4 - 1.6

Gall bladder - 1.6 3.2

Bronchi - - 4.7 3.2

Melanoma - . 3.1 3.2

ALL . - 3.1 1.6

CLL - 4 - -

AML - 1.6
CML - 1.6 1.6
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Table 35. Structure of cancer mortality among the population of Urdzhar
and Taskesken Districts (percentage of total cancers).

Cancer site 1949 1963 1972 1982 1992 1996
Esophagus 25.0 27.7 26.0 17.5 10.4 10.9

Stomach 30.0 22.2 24.0 15.8 11.3 11.8
Liver 10.0 8.3 8.0 4.7 3.5 3.6

Intestines 5.0 5.5 10.0 6.3 5.7 4.5

Pancreas 5.0 5.5 4.0 1.6 2.3 3.6
Lung - 5.5 6.0 7.9 8.7 10.9

Urinary bladder 5.0 5.5 4.0 4.7 5.7 4.5
Kidney 5.0 5.5 4.0 6.3 5.7 4.5

Skin - 2.7 2.0 4.7 2.3 1.8
Breast - 2.7 4.0 3.2 6.9 6.4
Ovary 5.0 2.7 4.0 4.7 3.5 3.6

Corpus uteri 5.0 - - 3.2 1.1 1.8

Cervix uteri 5.0 2.7 2.0 1.6 2.3 1.8

Gall bladder - - - 3.2 1.1 0.9
Bronchi - - - 3.2 3.5 3.6

Melanoma - - - 6.3 3.5 3.6
ALL - - - 3.2 2.3 1.8
CLL - 2.0 - -

AML - 2.7 - 1.6 2.3 1.8
CML - - - 1.1 0.9

Table 36. Structure of cancer mortality among the population of Kokpekty District
(percentage of total cancers).

Cancer site 1949 1963 1972 1982 1992 1996

Esophagus 28.5 25 31.25 15.7 15.3 18.4

Stomach 28.5 20.8 25 15.7 15.3 18.4
Liver 7.4 8.3 6.25 2.6 - 7.8

Intestines 7.4 8.3 6.25 10.5 10.2 10.5
Pancreas - 4.1 - 7.8 5.1 5.2

Lung - 8.3 9.3 13.1 17.9 10.5
Urinary bladder 7.4 4.1 3.1 7.8 7.6 5.2

Kidney 7.4 4.1 3.1 7.8 7.6 7.8
Breast - 4.1 6.2 7.8 7.6 7.8
Ovary 7.4 8.3 6.2 5.2 5.1 5.2

Corpus uteri - 3.1 2.6 2.5 2.6

Colli uteri 7.4 2.6 2.5 -
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6.5 DYNAMICS OF STANDARDIZED INDICES FOR CANCER MORTALITY FOR
INDIVIDUAL POPULATION POINTS

The dynamics of the standardized indices for the levels of fatal cancer cases (standardized

incidence ratio, or standardized mortality ratio [SMR]) at several primary sites among the population

in the study districts underwent different and un-equivalent changes. In the control Kokpekty

District.and among the exposed groups in the Urdzhar and Taskesken Districts, we recorded a steady

growth in the standardized indices of mortality level for individual primary sites of cancer. In all

probability, this is tied to the increased quality of oncological treatment for the population and

improved early diagnosis. (Table C-8)

Among the population of these districts, most prevalent were cancers of the esophagus,
stomach, intestines, lung, and breast. We noted a significant growth in the SMR for lung and breast

cancer. (Tables C-9 through C-I I in Appendix C, Figures 9 and 10 above).

Among the exposed population in the Makanchy District, the standardized mortality rates by

primary sites displayed significant dynamics both toward increases, and reductions in the indices

(Tables C-9 through C-Il and Figures C-I through C-6 in Appendix C).

Before 1990, the standardized mortality rates from cancer of the esophagus and the stomach

in this group were roughly at the same level, comprising an average of 20-24 cases per 100,000

population. In subsequent years, the mortality rates from these localizations decreased significantly,
comprising 15.2 in 1996; that is, 15.2 cases per 100,000 (p < 0.05) (Table C-9). For all these years,

cancers of the esophagus and stomach were 1.5 to 2 times higher among men.

Before 1982, the mortality rate for lung cancer among the population of this district grew

slowly (from 6.9 cases per 100,000 in 1964 to 14.1 cases per 100,000 population in 1982).

Beginning in 1985, we recorded a very significant increase in the standardized indices for mortality

from lung cancer to 34.4-43.1 cases per 100,000 (1986-1991) (Figure 8).

For all these years, the mortality rates from lung cancer in this district were significantly

higher than in the Kokpekty control district, and also among the exposed population of the Urdzhar

and Taskesken Districts (Figure 9). One should note that for the entire investigation period, lung

cancer among the men in the study districts was somewhat more prevalent as compared to the

numbers of lung cancer cases in women (average 55.8-62.6% among men).

We consider that this distribution is related only to ethnic and hygenic factors, since no

modifying effects of gender were established when defining the excess in such cancer localizations

from 1985 to 1996. During this period of significant increase in lung cancer in the exposed

population of the Makanchy District, we noted no changes in the gender distribution of cases of this

cancer localization. As in previous years (1949-1984), lung cancers were more prevalent among

males as compared to the same indices for women (61% vs. 39%, respectively).

The attributable risk (AR) and attributable risk percentage of lung cancer in the Makanchy

District from 1985 to 1996 was:
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Year AR (cases/100,000) AR (yercentape)
1985 9.6 45.3
1986 18.1 60.3
1987 13.9 38.6
1988 23.2 65.1
1989 13.4 37.8
1990 14.0 42.8
1991 31.0 71.9

1992 20.3 47.3
1993 16.4 41.5
1994 13.1 36.3
1995 15.7 40.8
1996 22.9 64.6

The relative risk of fatal lung cancer cases among the Makanchy population before 1984

practically did not exceed 1.0, with the exception of 1962, when it was 2.02. Beginning in 1985, the

relative lung cancer risk among the Makanchy population increased significantly (from 1.63 in 1987

to 3.53 in 1991) (Table C-12). Among the Urdzhar and Taskesken District populations, the relative

lung cancer risk was practically less than 1.0, and only in 1988, 1990 and 1991 did it increase up to

1.29-1.95 (Figure 9, Table C- 12).

From 1985 to 1996, there were 92 additional cases of lung cancer among the Makanchy

District population as compared to the Kokpekty District. The annual rate of growth in lung cancer

in this district averaged 19.6%.

For the same time period, there were 58 additional cases of breast cancer among the

population of the Makanchy district population. The annual rate of growth in breast cancer in this

district averaged 13.3%.

The same picture was observed in an analysis of the standardized indices of breast cancer

mortalities. Before 1986, the fatal cases of this cancer were registered with roughly the same

frequency among the population of the study districts. Beginning in 1987, fatal cases of breast

cancer in the Makanchy district increased 2 to 2.5 times, comprising 19.2 cases per 100,000

population in 1987; in 1991, 27 cases per 100; and in 1996, 20.1 cases per 100,000 (p < 0.01).

A significant rise in relative breast cancer risk among the Makanchy District population was

also noted in 1985 (1.45). In subsequent years until 1996, the relative breast cancer risk among

women of the Makanchy district was significantly higher than that of the Urdzhar and Taskesken

Districts (Figure 10, Table C-13).

The attributable risk (AR) and attributable risk percentage of breast cancer in the Makanchy

District from 1985 to 1996 was:
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Year AR (cases/100,000) AR (percentage)
1985 4.4 31.0
1986 7.4 45.3
1987 9.9 51.4
1988 13.0 67.5
1989 9.7 50.7
1990 12.5 57.2
1991 17.9 66.1
1992 14.4 60.0
1993 13.7 57.9
1994 10.8 52.3
1995 13.3 57.9
1996 10.8 53.9

In the control Kokpekty District during this period (from 1985 to 1996), the standardized

mortality rate from breast cancer was three times lower and averaged 9.3 cases per 100 thousand

population (p < 0.01).

The dynamics in the levels of the remaining locations of fatal cancer cases among the

populations of the study districts underwent significant changes, as a rule, toward a small increase.

No significant changes were noted in the standardized indices for other cancer primary sites. We

registered an increase in the levels of cancer of the kidney and bladder among the Makanchy District

population, but these differences were, as a rule, not significant.

Special attention was given to the dynamics of more radiosensitive cancers, such as

hemoblasts [leukoses, or leukemias]. An analysis of the investigation results indicated that among

the population of all the study districts, before 1985, leukoses were encountered extremely rarely,

and in individual years (1954, 1957, 1961, 1964, 1966, 1972) only single cases were recorded. From

1985 to 1996, cases of leukoses in the study districts were recorded practically annually, but their

quantity (1-2 cases per year) did not permit us to establish a connection between the growth in these
cancer sites and exposure to ionizing radiation.

Of great significance when verifying the reasons for post-radiation cancer mortality is a

determination of the modifying effect of age on the level and structure of both overall cancer

mortality, and mortality from different cancer locations. Also, the age at the time of formation of the

effective equivalent doses is of great importance in the realization of post-radiation effects. Table 64

presents the data on the distribution of the average age of the population in the study districts at time

of death from oncological illness. From the tabular data, it is clear that the average population age

for overall cancer mortality and the average age of death of the population from various cancer

localizations in the study districts do not differ much. The table presents data on the locations with

positive dynanic effects over the duration of the investigation. However, preliminary processing of

the data to determine the average age of death from other cancer locations also did not permit us to

discover any significant differences among the districts.

54



Table 37. Mean age of population in the study and control districts at time of
death from cancer.

Cancer Makanchy District Urdzhar and Taskesken KoKpektinsky Rajon

mortality by Districts

Primary site 1949-1984 1985-1996 1949-1984 1985-1996 1949-1984 1985-1996
M±m M±m M±m M±m M±m M±m

1. Total cancer 62.2±1.3 59.5±0.9 61.3±1.2 62.3±1.3 62.2±1.3 61.4±1.1

mortality
2. Esophagus 61.4±1.1 60.5±1.0 62.2±1.4 61.8±1.2 60.8±1.4 61.3±1.3

cancer
3. Stomach 58.3±1.2 57.6±1.2 59.4±1.3 59.8±1.3 58.3±1.2 59.1±1.1
cancer
4. Lung 59.7±1.3 58.4±1.1 60.1±1.1 59.5±1.3 59.7±1.3 58.4±1.2

cancer
5. Breast 60.5±1.3 61.2±0.9 61.6±1.2 60.8±1.2 61.5±1.2 60.8±1.3
cancer I 1 _ _

From the above, we can consider (with regard to the assumption that the main effective

equivalent doses for the exposed population were formed from 1967 to 1973) that the latency period

for overall mortality indices, and for such localizations as lung and breast cancer, was 13-15 years,

and those who suffered the most were the individuals who were 40-45 years of age at the time of

radiation. A similar age group distribution among whom excess lung and breast cancer occurred

indicates that post-radiation effects begin to be realized at an age where spontaneous cancers are

recorded.
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7.0 DISCUSSION

Retrospective and prospective analyses were made of the formation of radiation situations in

the population points of the southern districts in Semipalatinsk Province as a result of nuclear

weapons testing. It was shown that, from 1967 to 1981, the territories of the Makanchy, Urdzhar and

Taskesken Districts were contaminated 11 times by local radioactive fallout from atmospheric,
surface and underground explosions conducted at the Lop Nur Chinese Test Site. This was

confirmed by the appearance of freshly produced fission products, particularly iodine radioisotopes,

strontium-89, barium- 140 and others, in objects in the environment and in milk. The contamination

of the surface soil layer in the study districts with freshly produced fission products exceeded the

average values for the USSR by tens and even thousands of times. The ratio of long-lived fission

products (Cs-137 to Sr-90) in the surface soil layer varied from 0.95 to 1.04, differing from that of

local fallout (1.5). The concentration of radioactivity in locally produced food products depended
directly on the contamination of vegetation from fission products. The results of measurements of

the concentration of radioactivity in milk, in practically all the population points in the study districts,
showed that, of the nuclear fission products, cesium and iodine were the two most abundantly found

in milk (from 19% to 30% for cesium-137 and from 8% to 12% for iodine-131) which agrees well

with the research of many authors (1, 32, 33).

The effective equivalent dose for the population who continually lived in the given territories

was 466.7 mGy, 426.0 mGy and 376.2 mGy for the Makanchy, Urdzhar and Taskesken Districts,

respectively.

We must note that the total external gamma radiation from the main dose-forming explosions

(1966, 1967, 1973) was 371 mGy, 334.6 mGy and 384 mGy for the populations of the Makanchy,
Urdzhar and Taskesken districts, respectively. It was specifically in these years that doses of internal

radiation of the thyroid (close to 2 Gy) and of bone tissue (close to I Gy) were recorded. From 1949

to 1966, the dynamics of the numerical composition of the population in the study districts were

monitored. As a control for the exposed group, we used the results of adequate investigations

conducted among the population of the Kokpekty district in Semipalatinsk Province, who were

practically unaffected at the time of the testing at the Semipalatinsk and Chinese test sites. The

numerical composition and the age-gender characteristics of the control group were similar to those

of the exposed groups.

A descriptive epidemiological investigation was made of the dynamics in the level and the

extent of fatal cancer cases among the exposed populations and the control group from 1949 to 1996.

The carcinogenic effects of ionizing radiation has been a subject of attention by investigators

and radiobiologists for many decades (34, 35, 36). Information concerning long-term radiation

pathology in the form of carcinogenic effects can be acquired by performing epidemiological

investigations when analyzing the effects of different sources of ionizing radiation, including nuclear

weapons tests (37). As the author emphasizes, there exist definite difficulties in epidemiological

investigations of the carcinogenic effects of ionizing radiation. They include the requirements for

long-term observation of the exposed contingent due to the lengthy latency period between
irradiation and the clinical emergence of tumors; the requirement for a complete and reliable
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registration of oncological illness and mortality; an exact estimate of the time of irradiation, its dose,
distribution on the surface, and the characteristics of the radiation source for each individual; and the
presence of control groups comparable in all respects to the study contingent, but not subjected to
radiation.

According to E.E. Pochin, 1984 (38), it is especially difficult to select the statistical
confidence criteria for the increased observed risk of tumors in the exposed vs. control group above
the expected risk seen in the control group. This conclusion is most complex when studying
frequently encountered forms of cancer, for which the deviation from the expected number of cases is
more likely to be larger by statistical fluctuation; i.e., random. It has been established that the main
modifying factors which significantly affect the changes in levels of structure of cancer mortality
among the exposed groups is the value and the formation of the effective radiation dose, the age of
the study contingent, the age at time of irradiation, and the nationality and gender (39, 40).

In our investigations, it was established that from 1985 to 1996, only among the Makanchy
District population, where the dose of external gamma radiation was 375.1 mGy, did the level of
overall cancer mortality rise significantly as compared to the previous period, comprising an average
of 175.6 cases per 100 thousand population. In one particular year (1987), this index reached 214.3
cases per 100 thousand population.
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APPENDIX A

Tables of Contamination Data after Each Test

" December 28, 1966 A-2

" June 17, 1967 A-3

" January 7, 1972 A-4

" March 18, 1972 A-5

" June 27, 1973 A-6

• January 23, 1976 A-7

* September 26, 1976 A-8

* September 17, 1977 A-9

* March 15, 1978 A-10

• December 14, 1978 A-1I

" November 12, 1981 A-12

A-1



December 28, 1966
Initial Data:
q 100Okt
V =45 km/hr
HbursI,= 150 m
h,,,,,d = 9.44 km

Makanchy Urdzhar Taskesken

Distance from explosion epicenter, km 960 1000 1066
Dose rate at Zero hour+24, mR/hr 1.4 1.24 1.02
Time of arrival of cloud, hr 21.3 22.2 23.7
Radiation time of cloud, hr 7.03 7.32 7.79
Accepted time when cloud ceases radiation, hr 28.3 29.5 31.5
Dose from cloud, mGy 0.141 0.124 0.100
Dose from fallout, mGy 6.20 5.53 4.61

Dose to population, mGy 4.07 3.63 3.03

Total concentration of radionuclides in air, Bq/1 75.85 64.91 49.3

Concentration of 1- 13 1, Bq/1 3.07 2.80 2.37
Concentration of 1- 13 3, BqI 33.02 29.2 23.1
Concentration of 1-135, Bq/1 14.9 12.0 8.35
Concentration of Cs-137, Bq/1 0.0685 0,0644 0.0572
Concentration of Sr-90, Bq/1 0.0678 0.0637 0.0565

Total surface soil contamination, Bq/m 2  4.25E+6 3.62E+6 2.75E+6
Contamination from 1-13 1, Bq/M 2  1.72E+5 1.56E+45 1.32E+45
Contamination from 1-133, Bq/M 2  1 .85E+6 1 .63E+6 1 .29E+6
Contamination from 1-135, Bq/m 2  8.34E+5 6.69E+5 4.66E+5

Contamination from Cs- 137, Bq/m 2  3.84E+3 3.59E+3 3.19E+3

Contamination from Sr-90, Bq /M2  3.80E+3 3.55E+3 3.15E+3

Contamination of vegetation:
1- 13 1, Bq/kg 1.03E+5 9.36E+4 7.92E+4
1-133, Bq/kg 1.I11E+6 9.78E+I5 7.74E+5
1-135, Bq/kg 5.OOE+5 4.OIE+5 2.80E+5
Cs- 13 7, Bq/kg 2.30E+3 2.15E+3 1.91 E+3
Sr-90, Bq/kg 2.28E+3 2.13E+3 1.89E+3

Maximum activity in milk:
1- 131, Bq/1 1.27E+4 1.41 E+4 1.21 E+4
1-133, BqI 1.58E+5 1.76E+5 1,53E+5
1- 13 5, Bq/1 7.36E+5 8.15E+5 6.96E+5
Cs- 13 7, Bq/I 638 725 643
Sr-90, Bq/1 66.4 75.3 66.7

A-2



June 17, 1967
Initial Data:
q =2000 kt
V =40 km/hr
Hb,,,,= 100M

k.= 17.02 kmrn_______
Makanchy Urdzhar Taskesken

Distance from explosion epicenter, kmn 960 1000 1066

Dose rate at Zero hour4-24, mR/hr 48.5 42.9 35.8

Time of arrival of cloud, hr 24.0 25.0 26.7

Radiation time of cloud, hr 8.31 8.63 9.16

Accepted time when cloud ceases radiation, hr 32.3 33.6 35.8

Dose from cloud, mGy 4.33 3.81 3.52

Dose from fallout, mGy 225 196 166

Dose to population, miGy 143 129 109

Total concentration of radionuclides in air, Bq/I 2930 2070 49.3

Concentration of 1- 13 1, Bq/I 86.8 80.0 2.37

Concentration of 1- 133, Bq/I 831.3 735.9 23.1

Concentration of 1-135, Bq/I 281.6 228.5 8.35

Concentration of Cs-137, Bq/1 1.459 1.388 0.0572

Concentration of Sr-90, Bq/I 1.448 1.381 0.056 5

Total surface soil contamination, Bq/nM2  1 .78E+8 1 .07E+8 9.27E+7

Contamination from 1- 13 1, Bq/m' 4.71E+6 4.13E+6 3.54E+6

Contamination from 1-133, Bq/m2  5.72E+7 3.82E+7 . 3.04E+7

Contamination from 1-135, Bq/m 2  3.48E+7 1.18E+7 8.06E+6

Contamination from Cs- 137, Bq/rn 2  7.67E+4 7.17E+4 6.46E+4

Contamination from Sr-90, Bq /M2  7.6 1E+4 7.13E+4 6.4 1E+4

Contamination of vegetation:
1- 13 1, Bq/kg 2.82E+6 2.48E+6 2.12E+6

1-133, Bq/kg 3.42E+7 2.28E+7 1.82E+7

1-135, Bq/kg 2.08E+7 7.08E+6 4.84E+6

Cs-137, Bq/kg 4.60E+4 4.3 1IE+4 3,88E+4

Sr-90, Bq/kg 4.60E+4 4.3 1 E+4 3.85E+4

Maximum activity in milk:
1- 13 1, Bq/1 2.42E+5 2.23E4-5 2.68E+5

1- 133, Bq/1 3.05E+6 2.77E+6 3.36E+6

1-135, Bq/I 1.41 E+7 1.29E+7 1.56E+i7

Cs-137, Bq/1 9080 8510 10,700

Sr-90, Bq/1 949 889 1120

A-3



January 7, 1972
Initial Data:
q =20 kt
V =48 km/hr
Hb,,,,= 100m
hcI 0 .d = 6.46 kmrn________

______________________________Makanchy Urdzhar Taskesken

Distance from explosion epicenter, km 960 1000 1066
Dose rate at Zero hour+24, mR/hr 0.20 0.18 0.14

Time of arrival of cloud, hr 20.0 20.8 22.2

Radiation time of cloud, hr 6.51 6.78 7.22
Accepted time when cloud ceases radiation, hr 26.5 27.6 29.4

Dose from cloud, mGy 0.0202 0.0 177 0.0142

Dose from fallout, mGy 0.874 0.776 0.643

Dose to population, mGy 0.575 0.510 0,422

Total concentration of radionuclides in air, Bq/1 10.2 7.34 5.55

Concentration of 1- 13 1, Bq/1 0.452 0.349 0.293
Concentration of 1- 13 3, Bq/1 5.116 3.831 3.051

Concentration of 1-135, Bq/1 2.623 1.821 1.282

Concentration of Cs-137, Bq/1 0.0 122 9.78E-3 8.56E-3
Concentration of Sr-90, Bq/1 0.0121 9.61E-3 8.44E-3

Total surface soil contamination, Bq/M 2  6.29E+5 5.17E+5 3.89E+5
Contamination from 1-131, Bq /M2  2.8 1 E+4 2.46E+4 2.05E+4

Contamination from 1- 133, Bq/M2  3.16E+5 2.70E+5 2.14E+5

Contamination from 1-135, Bq/M 2  1.62E+5 1.28E+5 8.94E+4

Contamination from Cs- 137, Bq /M2  7.54E+2 6.85E+2 6.03E+2
Contamination from Sr-90, Bq/m2  7.44E+2 6.76E+2 5.91 E+2

Contamination of vegetation:
1- 13 1, Bq/kg 1.68E+4 1.47E+4 1.23E+4

1-133, Bq/kg 1 .90E+5 1 .62E+5 1 .28E+5
1- 13 5, Bq/kg 9.72E+4 7.68E+4 5.36E+4
Cs-137, Bq/kg 4.52E+2 4.11 E+2 3.60E+2
Sr-90, Bq/kg 4.46E+2 4.06E+2 3.55E+2

Maximum activity in milk:
1- 13 1, Bq/1 2.48E+3 2.19E+3 1.84E+3
1- 13 3, Bq/1 3.I1OE+5 2.75E+4 2.3 1E+4

1-135, Bq/1 1,.44E+5 1 .28E+5 1 .07E+5
Cs-137, Bq/1 152 138 121

Sr-90, Bq/1 15.7 14.3 12.5

A-4



March 18, 1972
Initial Data:
q 20 kt
V 45 km/hr
Hbur= 1000 m
h,i, = 7.74 km

Makanchy Urdzhar Taskesken
Distance from explosion epicenter, km 960 1000 1066
Dose rate at Zero hour+24, mR/hr 0.20 0.17 0.14
Time of arrival of cloud, hr 22.9 23.8 25.4
Radiation time of cloud, hr 7.44 7.75 8.25
Accepted time when cloud ceases radiation, hr 30.3 31.6 33.7
Dose from cloud, mGy 0.0194 0.0170 0.0137
Dose from fallout, mGy 0.885 0.786 0.651
Dose to population, mGy 0.581 0.516 0.427

Total concentration of radionuclides in air, Bq/i 10.4 8.02 6.08
Concentration of 1- 131, Bq/I 0.527 0.432 0.363
Concentration of 1- 133, Bq/1 5.349 4.216 3.321
Concentration of 1-135, Bq/I 2.095 1.511 1.032
Concentration of Cs-137, Bq/1 0.0153 0.0119 0.0104
Concentration of Sr-90, Bq/1 0.0151 0.0117 0.0102

Total surface soil contamination, Bq/m 2  5.96E+5 4.68E+5 3.55E+5
Contamination from 1- 131, Bq/m2  3.02E+4 2.52E+4 2.12E+4
Contamination from 1-133, Bq/m2  3.07E+5 2.46E+5 1.94E+5
Contamination from 1- 135, Bq/m2  1.21E+5 8.81E+4 6.03E+4
Contamination from Cs- 137, Bq/m 2  8.82E+2 6.92E+2 6.13E+2
Contamination from Sr-90, Bq/m2  8.69E+2 6.83E+2 6.01 E+2

Contamination of vegetation:
1- 131, Bq/kg 1.81E+4 1.51E+4 1.27E+4
1-133, Bq/kg 1.51E+5 1.48E+5 1. 16E+5
1- 135, Bq/kg 7.22E+4 5.29E+4 3.64E+4
Cs-137, Bq/kg 5.29E+2 4.15E+2 3.66E+2
Sr-90, Bq/kg 5.22E+2 4.11E+2 3.6 1E+2

Maximum activity in milk:
1-131, Bq/1 2.74E+3 2.29E+3 1.93E+3
1- 133, Bq/1 3.43E+4 2.86E+4 2.42E+4
1-135, Bq/l 1.59E+5 1.33E+5 1.12E+5
Cs-137, Bq/1 178 139 123
Sr-90, Bq/1 18.3 14.5 12.7

A-5



June 27, 1973
Initial Data:
q =2.5 MT
V 47 kmn/hr
Hb, =I1000m
h ,l0 ,d = 18.7 km___ _______

Makanchy Urdzhar Taskesken

Distance from explosion epicenter, kmn 960 1000 1066

Dose rate at Zero hour+24, mR/hr 77.5 69.4 58.3

Time of arrival of cloud, hr 20.4 21.3 22.7

Radiation time of cloud, hr 7.11 7.39 7.84

Accepted time when cloud ceases radiation, hr 27.5 28.7 30.5

Dose from cloud, mGy 8.17 7.24 5.99

Dose from fallout, mGy 341 308 262

Dose to population, mGy 224 202 172

Total concentration of radionuclides in air, Bq/1 4,470 4,040 3,150

Concentration of 1- 13 1, Bq/1 121.4 113.7 98.5

Concentration of 1- 13 3, Bq/1 1339 121.5 995.1

Concentration of 1-135, Bq/1 637.1 531.2 384.3

Concentration of Cs-137, Bq/1 1.773 1.653 1.511

Concentration of Sr-90, Bq/1 1.770 1.651 1.502

Total surface soil contamination, Bq /M2  2.33E+8 2.09E+8 1 .64E+8

Contamination from 1-13 1, BqI/M2  6.33E+6 5.89E+6 5.13E+6

Contamination from 1-133, Bq/m' 6.98E+7 6.29E+7 5.18E+7

Contamination from 1-135, Bq/m' 3.32E+7 3.75E+7 2.03E+7

Contamination from Cs- 137, Bq/m' 9.24E+4 8.55E+4 7.83E+4

Contamination from Sr-90, Bq/m' 9.20E+4 8.52E+4 7.79E+4

Contamination of vegetation: 0E635E+
1-13 1, Bq/kg 38E6.5E63 .08E+6

1- 133, Bq/kg 4.19E+7 3.77E+7 3.11IE+7

1-135, Bq/kg 1 .99E+7 1 .65E+7 1 .20E+7

Cs-137, Bq/kg 5.54E+4 5.13E+4 4.7 1 E+4

Sr-90, Bq/kg 5.52E+4 5.11IE+4 1.89E+4

Maximum activity in milk:
1-131, Bq/1 3.32E+5 3.11IE+5 3.11IE+5

1-133, Bq/1 4.17E+6 3.91 E+6 3.9 1E+6

1- 135, Bq/1 1.95E+7 1.81E+7 1.81E+7

Cs-137, Bq/1 11,200 10,100 9,310

Sr-90, Bq/1 1,140 1,060 972

A-6



January 23, 1976
Initial Data:
q 10NT
V '44 km/hr

H..= (underground, with ejection of material)

had=58 mMakanchy Urdzhar Taskesken

Distance from explosion epicenter, km 960 1000 1066

Dose rate at Zero hour+24, mR/hr 0.07 0.06 0.05

Time of arrival of cloud, hr 21.8 22.7 24.2

Radiation time of cloud, hr 7.08 7.37 7.85

Accepted time when cloud ceases radiation, hr 28.9 30.1 32.1

Dose from cloud, mGy 0.007 0.006 0.005

Dose from fallout, mGy 0.3 17 0.280 0.230

Dose to population, mGy 0.208 0.184 0.151

Total concentration of radionuclides in air, Bq/I 3.34 2.79 2.10

Concentration of1- 13 1,Bq/1 0.181 0.161 0.135

Concentration of 1-133, Bq/1 1.912 1.647 1.297

Concentration of 1-135, BqI 0.827 0.654 0.449

Concentration of Cs- 137, Bq/I 0.00555 0.00510 0.00446

Concentration of Sr-90, Bq/I 0.00546 0.00502 0.00439

Total surface soil contamination, Bq /M2  2.63E+5 2.3 1 E+5 1 .88E+5
Contamination from 1-13 1, Bq/mi2  1. 16E+4 1.04E+4 8.75E+3

Contamination from 1-133, Bq/mn2  1 .42E+5 1 .27E+5 1 .07E+5

Contamination from 1- 135, Bq/m2  8.65E+4 7.75E+4 6.57E+4

Contamination from Cs- 137, Bq/m 2  3.50E+2 3.22E+2 2.82E+2

Contamination from Sr-90, Bq /M2  3.45E+2 3.20E+2 2.77E+2

Contamination of vegetation:
1- 13 1, Bq/kg 4.35E+2 3.90E+2 3.28E+2
1-133, Bq/kg 5.33E+3 4.76E+3 4.0 1IE+3

1-135, Bq/kg 3.24E+3 2.91E+3 2.46E+3

Cs- 13 7,Bq/kg 1.31E+l 1.2113+1 I.06E+1

Sr-90, Bq/kg I.29E+I 1.20E+1 I1.03E+I

Maximum activity in milk:
1-131, Bq/1 1 .03E+3 9.18SE+2 7.72E+2
1-133, Bq/1 1.28E+4 1. 15E+4 9.67E+3

1-135, Bq/1 5.96E+4 5.34E+44 4.49E+4

Cs-137, Bq/1 70.6 64.9 56.8
Sr-90, Bq/1 7.29 6.71 5.87

A-7



September 26, 1976
Initial Data:
q =20 kt
V 45 km/hr
Hb.M~= 30 m

hdj 6.74 km________
Makanchy Urdzhar Taskesken

Distance from explosion epicenter, kmn 960 1000 1066
Dose rate at Zero hour+24, mR/hr 0.18 0.16 0.13

Time of arrival of cloud, hr 21.3 22.2 23.7

Radiation time of cloud, hr 6.95 7.23 7.70

Accepted time when cloud ceases radiation, hr 28.3 29.4 31.4

Dose from cloud, mGy 0.0180 0.0157 0.0126

Dose from fallout, mGy 0.799 0.708 0.585

Dose to population, mGy 0.525 0.465 0.384

Total concentration of radionuclides in air, Bq/1 9.1 7.7 5.05

Concentration of 1-131, Bq/1 0.440 0.397 0.293

Concentration of 1- 133, Bq/1 4.723 4.151 2.841

Concentration of 1-135, Bq/1 2.151 1.732 1.042

Concentration of Cs-137, Bq/I 0.0123 0.0113 0.00867

Concentration of Sr-90, Bq/I 0.0121 0.0112 0.0.0854

Total surface soil contamination, Bq/m' 5.50E+5 4.64E+5 3.48E+5

Contamination from 1- 13 1, Bq /M2  2.68E+4 2,39E+4 2.02E+4

Contamination from 1- 133, Bq/M 2  2.88E+5 2.50E+5 1.96E+5

Contamination from 1-135, BqI/M2  1.30E+5 1.04E+5 7.13E+4

Contamination from Cs-137, Bq /M2  7.43E+2 6.83E+2 5.98E+2

Contamination from Sr-90, BqI/M2  7.33E+$2 6.73E+2 5,89E+2

Contamination of vegetation:
1- 13 1, Bq/kg 1.61E+4 1.43E+4 1.2 1E+4

1- 13 3, Bq/kg 1.73E+5 1.50E+5 1. 18E+5
1-135, Bq/kg 1.30E+5 6.24E+44 4.28E+4

Cs- 13 7, Bqlkg 4.46E+2 4.I1OE+2 3.60E+2
Sr-90, Bq/kg 4.39E+2 4.01IE+2 3.53E±2

Maximum activity in milk:
1-131, Bq/1 2.40E+3 2.15E+3 1.82E+3
1- 133, Bq/I 3.01 E+4 2.7 1 E+4 2.27E+4

1- 13 5, Bq/1 1.39E+5 1.25E+5 1,06E+5
Cs- 13 7, Bq/I 150 138 121

Sr-90, Bq/1 15.5 14.3 12.5

A-8



September 17, 1977
Initial Data:
q 20 kt
V =40 km/hr

H.,= 30 m
klIOd =6.74 km_________

Makanchy Urdzhar Taskesken

Distance from explosion epicenter, km 960 1000 1066
Dose rate at Zero hour+24, mR/hr 0.15 0.13 0.11
Time of arrival of cloud, hr 24.0 25.0 26.7
Radiation time of cloud, hr 7.82 8.14 10.0
Accepted time when cloud ceases radiation, hr 31'.8 33.1 36.7
Dose from cloud, mGy 0.0149 0.0129 0.0104
Dose from fallout, mGy 0.692 0.6 12 0.504
Dose to population, mGy 0.454 0.401 0.330

Total concentration of radionuclides in air, Bq/1 6.67 5.64 3.54

Concentration of 1- 13 1, Bq/1 0.391 0.353 0.256
Concentration of 1-133, Bq/1 3.759 3.321 2.151
Concentration of 1-135, Bq/1 1.341 1.072 0.539
Concentration of Cs- 13 7, Bq/1 0.0118 0.0110 0.00504
Concentration of Sr-90, Bq/1 0.0116 0.0108 0.00494

Total surface soil contamination, Bq /M2  4.04E+5 3.40E+5 2.45E+5
Contamination from 1- 13 1, Bq/m 2  2.37E+4 2.13E+4 1.77E+4
Contamination from 1- 133, Bq/m 2  2.30E+5 1.99E+5 1.49E+5
Contamination from 1- 135, Bq/m 2  8. 14E+4 6.42E+4 3.73E+4
Contamination from Cs-137, Bq/m 2  7.16E+2 6.61 E+2 5.80E+2
Contamination from Sr-90, Bq /M2  7.05E+2 6.50E+2 5.7 1E+2

Contamination of vegetation:
1- 13 1, Bq/kg 1 .42E+4 1 .27E+4 1 .06E+4
1- 133, Bq/kg 1.38E+5 1. 19E+5 8.94E+4
1-135, Bq/kg 4.88E+4 3.85E+4 2.24E+4
Cs- 137, Bq/kg 4.30E+2 3.97E+2 3.49E+2
Sr-90, Bq/kg 4.23E+2 3.90E+2 3.42E+2

Maximum activity in milk: 2.15SE+3 1 .94E+3 1 .64E+3
1- 13 1, Bq/I 2.69E+4 2.44E±4 2.04E+4
1- 133, Bq/1 1.25E+5 1.12E+5 9.5 1 E+4
1-135, Bq/1 145 133 117
Cs- 137, Bq/1 15.0 13.8 12.1
Sr-90, Bq/I

A-9



March 15, 1978
Initial Data:
q = 20 kt
V = 45 km/hr
Hb,r,. = 30 m
hcIv d = 6.77 km

Makanchy Urdzhar Taskesken

Distance from explosion epicenter, km 960 1000 1066
Dose rate at Zero hour+24, mR/hr 0.18 0.16 0.13
Time of arrival of cloud, hr 21.3 22.2 23.7
Radiation time of cloud, hr 6.94 7.23 7.72
Accepted time when cloud ceases radiation, hr 28.2 29.4 31.4

Dose from cloud, mGy 0.0180 0.0157 0.0126
Dose from fallout, mGy 0.799 0.708 0.585
Dose to population, mGy 0.525 0.465 0.384

Total concentration of radionuclides in air, Bq/I 9.21 7.79 5.83

Concentration of 1- 131, Bq/I 0.442 0.398 0.336

Concentration of 1-133, Bq/I 4.781 4.161 3.289

Concentration of 1-135, Bq/1 2.173 1.752 1.193

Concentration of Cs-137, Bq/1 0.0122 0.0114 0.00995

Concentration of Sr-90, Bq/I 0.0120 0.0112 0.00980

Total surface soil contamination, Bq/m 2  5.60E+5 4.67E+5 3.5 1E+5

Contamination from 1-131, Bq/m 2  2.69E+4 2.39E+4 2.02E+4

Contamination from 1-133, Bq/m 2  2.91E+5 2.50E+5 1.98E+5

Contamination from 1- 135, Bq/m 2  1.32E+5 1.05E+5 7.18E+4

Contamination from Cs- 137, Bq/m2  7.4 1E+2 6.80E+2 5.99E+2

Contamination from Sr-90, Bq/m' 7.3 1E+2 6.70E+2 5.90E+2

Contamination of vegetation:
1- 131, Bq/kg 1.6 1 E+4 1.43E+4 1.21E+4

1-133, Bq/kg 1.75E+5 1.5 1 E+5 1. 18E+5

1- 135, Bq/kg 7.92E+4 6.30E+4 4.31E+4

Cs-137, Bq/kg 4.45E+2 4.08E+2 3.60E+2

Sr-90, Bq/kg 4.39E+2 4.02E+2 3.54E+2

Maximum activity in milk:
1-131, Bq/I 2.26E+3 2.15E+3 1.82E+3

1-133, Bq/I 3.OOE+4 2.70E+4 2.28E+4

1-135, Bq/I 1.41E+5 1.26E+5 1.06E+5

Cs-137, Bq/i 149 137 121

Sr-90, Bq/I 15.5 14.2 12.5

A-1O



December 14, 1978
Initial Data:
q 20 kt
V =51 km/hr
Hbur.i = 30 rn
hIdd= 6.74 km

______________________________Makanchy Urdzhar Taskesken

Distance from explosion epicenter, kmn 960 1000 1066
Dose rate at Zero hour+24, mR/hr 0.21 0.19 0.16
Time of arrival of cloud, hr 18.8 19.6 20.9
Radiation time of cloud, hr 6.12 6.38 6.82
Accepted time when cloud ceases radiation, hr 24.9 26.0 27.7
Dose from cloud, mGy 0.0219 0.0191 0.0155
Dose from fallout, mGy 0.924 0.821 0.681
Dose to population, mGy 0.608 0.540 0.448

Total concentration of radionuclides in air, Bq/1 12.6 10.5 7.98
Concentration of 1-131, Bq/I 0.494 0.443 0.373
Concentration of 1- 13 3, Bq/1 5.951 5.111 4.123
Concentration of 1- 13 5, Bq/1 3.323 2.712 1.923
Concentration of Cs-137, Bq/1 0.0125 0.0115 0.00610
Concentration of Sr-90, Bq/1 0.0 123 0.0114 0.00601

Total surface soil contamination, BqI/M2  7.62E+5 6.35E+5 4.83E+5
Contamination from 1-131, BqI/M2  2.99E+4 2.68E+4 2.26E+4
Contamination from 1-133, Bq/M2  3.60E+5 3.09E+5 2.48E+5
Contamination from 1-135, Bq /M2  2.01E+5 1.64E+5 1. 16E+5
Contamination from Cs-137, Bq/m2  7.55E+2 6.96E+2 6.15E+2
Contamination from Sr-90, Bq /M2  7.45E+2 6.87E+2 6.06E+2

Contamination of vegetation:
1- 131, Bq/kg 1.79E+4 1.61E+4 1.36E+4

1- 133, Bq/kg 2.16E+5 1.85E+5 1.49E+5
1-135, Bq/kg 1 .21E+5 9.84E+4 6.96E+4
Cs- 137, Bq/kg 4.53E+2 4.18E+2 3.69E+2
Sr-90, Bq/kg 4.47E+2 4.12E+2 3.64E+2

Maximum activity in milk:
1- 13 1, Bq/I 2.64E+3 2.38E+3 2.02E+3
1-133, Bq/I 3.13E+4 2.98E+4 2.53E+4
1-135, Bq/1 1.54E+5 1.38E+5 1. 17E+5
Cs-137, Bq/1 152 140 124

Sr-90, Bq/1 15.8 14.6 12.8
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November 12, 1981
Initial Data:
q = 20 kt
V = 50 km/hr
Hburst = 30 m
hclgd = 6.74 km

Makanchy Urdzhar Taskesken

Distance from explosion epicenter, km 960 1000 1066

Dose rate at Zero hour+24, mR/hr 0.21 0.18 0.15

Time of arrival of cloud, hr 19.2 20.0 21.3

Radiation time of cloud, hr 6.25 6.51 6.93

Accepted time when cloud ceases radiation, hr 25.5 26.5 28.2

Dose from cloud, mGy 0.0212 0.0186 0.0150

Dose from fallout, mGy 0.903 0.802 0.665

Dose to population, mGy 0.594 0.527 0.437

Total concentration of radionuclides in air, Bq/1 11.9 8.16 7.63

Concentration of 1-13 1, Bq/1 0.484 0.354 0.367

Concentration of 1-133, Bq/I 5.681 4.021 3.973

Concentration of 1-135, Bq/1 3.113 2.052 1.823

Concentration of Cs-137, Bq/I 0.0124 0.00933 0.0102

Concentration of Sr-90, Bq/1 0.0123 0.00921 0.0100

Total surface soil contamination, Bq/m 2  7.19E+5 6.05E+5 4.61E+5

Contamination from 1-131, Bq/m2  2.93E+4 2.63E+4 2.22E+4

Contamination from 1-133, Bq/m2  3.43E+5 2.98E+5 2.40E+5

Contamination from 1- 135, Bq/m2  1.88E+5 1.52E+5 1.09E+4

Contamination from Cs- 137, Bq/m 2  7.51E+2 6.92E+2 6.13E 2

Contamination from Sr-90, Bqim2  7.41E+2 6.83E+2 6.05E+2

Contamination of vegetation:
1-131, Bq/kg !.76E+4 1.58E+4 1.33E+4

1-133, Bq/kg 2.06E+5 1.79E+5 1.44E+5

1-135, Bq/kg 1.13E+5 9.12E+4 6.54E+4

Cs-137, Bq/kg 4.15E+2 4.14E+2 3.68E+2

Sr-90, Bq/kg 4.44E+2 4.11 E+2 3.63E+2

Maximum activity in milk:
1-13 1, Bq/i 2.60E+3 2.34E+3 1.99E+3

1-133, Bq/I 3.25E+4 2.93E+4 2.49E+4

1-135, Bq/l 1.5 IE+5 1.06E+5 1.20E+5

Cs-137, Bq/I 151 139 124

Sr-90, Bq/l 15.7 14.5 12.8

A-12



APPENDIX B

Specific Activity in Samples of Soil, Vegetation, and Milk from Each District

* Makanchy Soil B-2

* Urdzhar Soil B-3

* Taskesken Soil B-4

* Makanchy Vegetation B-5

* Urdzhar Vegetation B-6

* Taskesken Vegetation B-7

* Makanchy Milk B-8

* Urdzhar Milk B-9

* Taskesken Milk B- 10

Results From Samples Taken in 1998

Table B-1 Specific activity in soil samples, layer 0-5 cm, Bq/kg B-1 I

Table B-2 Layer by layer distribution of average values for alpha, beta, and

gamma radiation in the soil (values in counts/cm) B-12

Table B-3 Layer by layer specific activity in soil samples at Bakhty, Bq/kg B-13

Table B-4 Layer by layer specific activity in soil samples at Makanchy, Bq/kg B- 13

Table B-5 Layer by layer specific activity in soil samples, Urdzhar, Bq/kg B-13

Table B-6 Layer by layer specific activity in soil samples, Taskesken, Bq/kg B-14

Table B-7 Specific activity in vegetation from different locations, Bq/kg B-14

Table B-8 Coefficients of biological absorption and ratio of Cs-137 to Sr-90

in vegetation from different locations B-15

Table B-9 Specific activity in milk from different locations, Bq/1 B-16

Table B- 10 Specific activity in meat from different locations, Bq/kg B-17

Table B-11 Transfer coefficients of Sr-90 and Cs-137 B-18

Table B-12 Specific activity in animal bones from different locations, Bq/kg B-18-
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Makanchy Soil

Sample Sampling Total activity Specific activity of radionuclides on samPling date, Bq/ka

no., date on Cs- Sr- 1-131 1- 1- Sr-89 Zr-95 Te-132 Ba-

0-1 cm sampling date, 137 90 133 135 140

layer Bq/kg
--- 1963 1117 16.5 18.5 .... .. ........

10100 1 Apr 1967 19,300 240 238 .... .. 5130 385 - 53.6

10101 22,900 238 236 .... .. 4890 411 -- 49.8

10102 17,900 247 229 .... . 5020 322 -- 50.1

10103 " 18,400 221 235 .... .. 4550 309 - 52.2

10104 " 19,000 243 240 .... .. 4760 401 -- 48.7

12341 25 Jun 1967 1,191,000 4850 4720 143,000 4600 -- 431,000 36,900 145,000 272,000

12342 " 2,080,000 4900 4710 154,000 4680 397,000 37,100 122,000 244,000

12343 975,000 4620 5130 123,000 4820 -- 408,000 29,800 109,000 283,000

12344 " 756,000 5120 4320 168,000 4310 -- 457,000 40,100 188,000 211,000

12345 " 1,920,000 5090 4700 140,000 4510 -- 432,000 34,100 134,000 301,000

15111 10Apr 1972 1140 55.5 54.1 284 -- 2790 162 39.6 756

15112 987 52.2 50.6 277 .. .. 2450 157 35.5 677

15113 " 1030 34.3 48.3 283 .. .. 2310 163 40.9 698

15114 1110 61.1 60.0 294 . . 2960 158 35.7 801

15115 " 976 42.6 54.0 301 -- 2230 160 41.1 744

19411 10 Jul 1973 868,000 5780 5750 132,000 139 -- 505,000 54,500 70,100 285,000

19412 " 793,000 5390 6010 151,000 161 -- 499,000 51,100 65,500 277,000

19413 831,000 5910 5820 122,000 137 513,000 52,300 71,200 293,000

19414 " 895,000 5630 5490 163,000 158 -- 478,000 60,100 67,800 268,000

19415 874,000 6040 5930 114,000 142 -- 466,000 53,100 69,100 281,000

30104 30 Sep 1976 7920 46.5 45.8 1210 744 -- 3440 140 1750 1890

30105 " 8840 45.5 50.1 1110 788 -- 3210 137 1870 1770

30106 8110 50.0 44.6 1210 754 -- 3560 154 1610 2010

30107 7430 41.1 43.2 1540 768 -- 3080 122 1550 1460

30108 7900 47.0 46.0 1010 734 -- 3770 128 1780 1580

35200 30 Sep 1977 1790 44.8 44.1 484 . - 2870 107 227 1040

35201 1580 44.3 44.5 472 .. .. 2550 100 212 1110

35202 1810 44.5 41.6 464 .. .. 2730 99.7 233 972

35203 1720 46.9 44.1 504 .. .. 2760 102 223 899

35204 1640 45.0 39.8 501 -- 2820 86.5 230 1170

35941 20Mar 1978 8020 46.3 45.7 1090 339 -- 3400 139 1410 1790

35942 8100 45.5 42.8 1110 333 -- 3110 122 1520 1660

35943 7870 46.7 41.7 1070 364 -- 3520 154 1330 1820

35944 " 8110 47.1 44.2 990 329 -- 3410 133 1390 1700

35945 " 7920 46.0 46.0 1290 351 -- 3290 140 1440 1870

37225 15Mar 1979 225 147 146 -- -- -- -- --

37226 " 217 146 145 .... .. .. .. ....

37227 " 228 147 147 .... .. ........

37228 235 146 146 .... .. .. .. ....

37229 241 147 144 .... .. .. .. ....

41562 16 Nov 1981 12,900 46.9 46.3 1410 1960 7.03 3620 161 1930 2070

41563 11,800 47.6 46.6 1010 2010 6.75 3580 157 1770 2000

41564 " 14,300 48.7 44.1 1720 1770 7.11 3700 160 2010 1980

41565 12,500 44.8 43.9 1510 1560 7.24 3610 144 1880 1890

41566 " 11,900 47.0 44.7 1230 2160 6.93 3550 172 1910 2110
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Urdzhar Soil

Sample Sampling Total activity Specific activi of radionuclides on sapling date, Bq/kc

no., date on Cs- Sr- 1-131 1- 1- Sr-89 Zr-95 Te-132 Ba-

0-1 cm sampling date, 137 90 133 135 140

layer Bq/kg
--- 1963 994 36.9 -- -- -- - -- --

10105 1 Apr 1967 17,600 224 221 .. .. .. 4610 328 - 47.1

10106 " 17,200 239 236 .. .. .. 4050 291 -- 50.2

10107 " 16,900 198 184 .. .. .. 4110 302 -- 44.6

10108 " 17,400 204 269 .. .. .. 5010 371 -- 42.1

10109 " 18,000 225 220 .. .. .. 3890 288 -- 48.7

12356 25 Jun 1967 1,170,000 4480 4460 131,000 4110 -- 390,000 31,800 128,000 241,000

12357 " 1,190,000 4340 4610 122,000 4070 -- 377,000 31,100 97,600 222,000

12358 " 986,000 4590 4530 123,000 4230 -- 405,000 32,000 118,000 253,000

12359 " 643,000 4610 4510 139,000 4160 -- 356,000 30,900 98,700 205,000

12360 " 1,460,000 4770 4380 134,000 4000 -- 368,000 31,500 144,000 212,000

15126 10Apr 1972 1050 44.3 42.7 237 -- . 2550 111 35.5 681

15127 " 895 44.1 42.1 228 .. .. 2530 123 34.7 677

15128 " 1240 39.8 42.9 254 -- - 2790 97.7 40.8 701

15129 " 965 46.3 38.7 212 .. .. 2010 123 32.2 655

15130 " 1010 44.0 43.1 207 .. .. 2380 86.6 33.8 679

19426 10 Jul 1973 821,000 5340 5330 120,000 125 -- 468,000 48,800 63,900 260,000

19427 " 793,000 5300 5310 135,000 123 -- 456,000 43,500 61,100 244,000

19428 " 824,000 5460 4830 98,700 105 -- 421,000 47,800 59,800 273,000

19429 " 815,000 4980 5120 119,000 168 -- 472,000 45,500 62,300 238,000

19430 " 833,000 5220 5460 123,000 182 -- 444,000 46,500 64,100 255,000

30119 30 Sep 1976 6950 42.7 42.1 1060 646 -- 3140 123 1560 1700

30120 " 6840 34.4 44.1 1010 638 -- 3090 109 1640 1730

30121 " 7130 30.2 40.1 1210 624 -- 3240 133 1430 1560

30122 " 6970 43.9 39.4 980 668 -- 3660 122 1520 1490

30123 " 6900 44.0 38.5 1030 704 -- 2780 114 1600 1680

35215 30 Sep 1977 1580 41.3 40.6 435 -- 2610 94.1 203 939

35216 1560 41.0 40.1 422 .. .. 2440 92.6 198 864

35217 " 1220 37.2 40.0 414 .. .. 2850 98.1 211 1000

35218 " 1120 41.1 42.2 394 .. .. 2540 100 200 955

35219 " 1650 43.9 38.9 401 .. .. 2770 91.1 201 877

35956 20Mar1978 7060 42.5 41.9 971 291 -- 3100 121 1260 1610

35957 " 7010 42.1 41.2 801 233 -- 2760 Ill 1220 1550

35958 " 6980 43.5 42.0 965 276 -- 3000 132 1450 1740

35959 6730 41.1 39.9 982 309 -- 2690 . 120 1080 1600

35960 " 7130 43.0 40.8 959 311 -- 3170 109 1190 1490

37230 15Mar 1979 197 143 142 -- - - -- - --

37231 147 144 141 .. .. .. ..

37232 201 142 139 .. .. .. ..

37233 212 144 144 .. ..

37234 181 141 143 .. .. .. .. .. .. ..

41577 16Nov 1981 1140 43.3 44.2 1310 1710 5.73 3310 143 1720 1860

41578 " 1090 42.1 40.1 1220 1570 6.03 3360 133 1660 1770

41579 " 1040 45.3 35.1 1300 1840 5.89 3220 154 1840 1900

41580 " 1120 39.3 43.2 998 1-50 5.66 3190 145 1800 1550

41581 " 1110 41.1 42.7 1540 1690 5.23 3400 138 1700 2010
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Taskesken Soil

Sample Sampling Total activity Specific activity of radionuclides on sampling date, Bq/kz

no., date on Cs- Sr- 1-131 1- i- Sr-89 Zr-95 Te-132 Ba-
0-1 cm sampling date, 137 90 133 135 140
Layer Bq/kg
-- 1963 1080 14.7 17.4 -- -- - -. --

10110 1Apr 1967 14,500 199 197 .. .. .. 3520 270 -- 40.1

10111 16,100 209 199 .... .. 3330 301 -- 38.7

10112 " 14,200 197 181 .. .. .. 3760 239 -- 32.2

10113 " 13,800 201 204 .. .. .. 3280 268 -- 41.2

10114 " 15,000 200 200 .. .. .. 4010 243 -- 39.6

12371 25 Jun 1967 976,000 4040 4010 113,000 3250 -- 345,000 26,000 112,000 208,000

12372 " 1,190,000 3980 3610 124,000 3160 -- 309,000 24,300 87,700 212,000

12373 975,000 4110 4320 98,300 3670 -- 377,000 28,900 93,200 178,000

12374 624,000 4260 3520 111,000 2950 -- 321,000 26,100 108,000 155,000

12375 " 1,350,000 3940 3890 109,000 3220 -- 355,000 27,000 111,000 196,000

15141 10Apr 1972 803 38.1 37.6 199 -.. . 2210 90.9 29.8 575

15142 " 781 37.7 36.5 187 .. .. 2170 88.8 27.7 478

15143 911 36.9 40.9 209 .. .. 2350 90.6 30.4 633

15144 " 821 40.8 38.4 211 .. .. 2440 91.7 29.2 611

15145 815 38.0 38.0 175 .. .. 2090 87.6 31.1 525

19441 10 Jul 1973 691,000 4890 4870 105,000 103 -- 417,000 41,000 55,200 226,000

19442 " 701,000 4910 4970 103,000 95.6 -- 397,000 42,100 53,300 211,000

19443 676,000 4560 5070 99,500 92.3 -- 422,000 38,800 56,100 209,000

19444 " 693,000 5090 4620 98,700 101 -- 412,000 37,600 55,500 243,000

19445 711,000 4870 4740 133,000 I11 -- 389,000 43,700 54,700 222,000

30134 30 Srp 1976 5680 37.4 36.6 895 506 -- 2720 101 1310 1430

30135 5720 38.5 35.5 1100 588 -- 2660 97.1 1250 1370

30136 5610 40.0 36.8 921 494 -- 2810 98.6 1440 1540

30137 5530 35.6 37.2 854 508 -- 2770 108 1210 1300

30138 5700 37.0 37.0 1010 485 -- 2540 100 1420 1410

35230 30 Sep 1977 1290 36.3 35.7 361 -- 2250 76.8 169 791

35231 1180 33.3 35.5 372 .. .. 2110 72.4 144 767

35232 " 1310 36.8 36.4 346 .. .. 2330 78.1 172 745

35233 1220 38.4 34.1 400 .. .. 1990 72.3 159 811

35234 1040 36.5 36.0 361 .. .. 2410 65.5 170 809

35971 20 Mar 1978 5740 33.7 33.6 821 231 -- 2680 99.5 1060 1360

35972 5700 33.5 31.7 711 233 -- 2470 99.1 1110 1220

35973 " 6070 36.8 32.1 817 264 -- 2710 89.9 1000 1440

35974 5610 39.6 33.8 799 199 -- 2590 99.7 989 1610

35975 5840 31.1 33.4 829 185 -- 2650 99.3 877 1380

37235 15Mar1979 162 138 137 -- -- -- -- -- -- .

37236 161 140 136 .. .. .. .. .. ....

37237 " 173 139 140 ... ....

37238 152 136 135 .... .. ....

37239 158 138 137 ... .... ....

41592 16 Nov 1981 9350 33.8 33.7 1070 1370 4.13 2870 117 1450 1570

41593 - 9220 39.8 36.7 889 1280 4.34 2760 111 1330 1520

41594 9540 32.7 31.8 997 1340 3.95 2790 122 1520 1610

41595 8950 35.1 32.1 1110 1690 3.83 2910 109 1400 1580

41596 " _ 9150 33.4 32.6 1010 1080 4.11 2560 110 1440 1440
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Makanchy Vegetation

Sample Sampling Specific activity of radionuclides on sampling date, Bq/kg

no. date Cs- Sr-90 1-131 1-133 1- Sr-89 Zr-95 Te-132 Ba-

_ 137 135 140

12346 25 Jun 1967 38,600 37,500 1,290,000 57,900 - 257,000 17,900 70,100 14,500

12347 " 36,100 35,500 989,000 56,600 - 255,000 16,900 66,600 12,400

12348 " 40,600 42,600 1,440,000 51,400 -- 262,000 20,000 71,800 15,500

12349 " 39,200 38,700 1,310,000 57,900 -- 238,000 15,700 67,100 13,900

12350 " 37,700 37,500 1,180,000 58,000 - 260,000 18,000 70,000 15,000

15116 10Apr 1972 85.22 84.32 478 -- 1690 23.22 9.10 145

15117 " 83.90 84.02 501 .. .. 1550 22.40 8.73 133

15118 " 81.39 83.90 433 .. .. 1620 20.95 9.12 167

15119 " 85.03 84.11 491 .. . 1740 21.81 7.99 151

15120 " 85.28 83.73 476 -- 1700 23.09 9.24 150

19416 10 Jul 1973 41,100 40,900 1,020,000 2180 - 307,000 16,700 26,400 91,100

19417 " 40,000 41,200 1,340,000 2110 -- 311,000 15,500 24,200 106,000

19418 " 42,800 37,900 976,000 2430 - 314,000 21,900 23,400 112,000

19419 39,100 40,100 987,000 2340 -- 309,000 12,200 30,000 86,900

19420 " 40,700 42,700 1,000,000 2040 - 300,000 17,000 26,000 90,000

30109 30 Sep 1976 375 369 106,000 15,300 60.60 2100 71.61 1090 1010

30110 373 371 100,000 15,600 58.97 2090 70.93 1190 1020

30111 368 380 102,000 14,800 59.89 2120 69.89 1110 998

30112 " 373 359 111,000 14,200 60.42 1980 71.50 977 1110

30113 381 347 104,000 16,700 61.01 2000 72.04 1000 1000

35205 30 Sep 1977 214 211 2580 6.27 -- 1750 33.01 86.3 336

35206 " 198 207 2420 6.18 -- 1550 32.18 87.1 325

35207 235 213 2770 6.24 -- 1690 33.50 85.9 327

35208 " 207 189 2380 5.87 -- 1530 30.99 84.8 341

35209 " 211 201 2610 6.03 - 1800 33.10 86.0 340

35946 20 Mar 1978 314 310 8050 5090 -- 2070 67.04 838 907

35947 " 304 309 7130 5110 -- 2110 65.97 798 911

35948 " 296 284 7970 4790 -- 1980 68.00 827 1010

35949 " 312 311 8340 4890 -- 1870 67.38 844 783

35950 323 293 8110 5230 -- 2100 66.92 850 910

41567 16Nov 1981 378 373 1140 15,800 56.61 2200 82.73 1220 1110

41568 370 371 998 15,600 56.29 2120 81.78 998 1130

41569 401 386 1130 16,100 57.33 2330 80.09 1120 1360

41570 " 384 352 1090 15,500 57.16 1980 85.40 1040 911

41571 " 365 363 1110 19,800 55.70 2200 83.19 1200 1100
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Urdzhar Vegetation

Sample Sampling Specific activity of radionuclides on sampling date, Bq/ka

no. date Cs- Sr-90 1-131 1-133 1- Sr-89 Zr-95 Te- Ba-
137 135 132 140

12361 25 Jun 1967 36,200 36,200 1,190,000 38,900 -- 237,500 12,900 64,500 103,000

12362 " 34,100 35,500 1,270,000 40,000 -- 222,000 12,700 65,500 102,000

12363 " 38,700 36,700 989,000 40,700 -- 231,000 14,000 63,600 107,000

12364 " 40,200 35,900 1,210,000 35,300 -- 243,000 12,600 64,700 116,000

12365 " 35,100 36,600 1,090,000 39,000 - 230,000 13,000 65,000 100,000

15131 10 Apr 1972 66.90 65.93 399 -- 1540 20.53 7.98 131

15132 " 62.49 61.89 357 .. .. 1440 20.82 8.11 113

15133 " 70.07 66.70 429 .. .. 1570 19.70 7.79 140

15134 " 68.37 67.41 384 .. .. 1380 18.89 7.66 127

15135 64.90 65.22 377 -. . 1500 21.09 8.02 143

19431 10 Jul 1973 38,100 37,800 953,000 1960 -- 285,000 14,900 23,200 83,500

19432 40,100 36,700 921,000 2060 -- 277,000 15,600 18,800 107,000

19433 " 39,800 39,200 964,000 1980 -- 284,000 13,900 25,600 76,400

19434 32,200 38,800 947,000 2110 -- 258,000 12,700 22,600 105,000

19435 37,700 35,100 952,000 1720 -- 280,000 15,000 23,000 84,000

30124 30 Sep 1976 345 339 9540 13,800 54.62 1910 63.04 983 910

30125 " 337 341 9680 13,400 55.19 1670 64.30 972 913

30126 341 328 9240 12,700 54.31 1920 60.89 964 877

30127 " 364 345 9520 15,800 54.09 1720 62.47 1270 887

30128 338 319 9470 17,200 54.84 1900 63.50 980 900

35220 30 Sep 1977 197 194 2250 4.17 -- 1590 29.03 77.1 301

35221 195 187 2340 3.99 - 1440 27.99 76.5 308

35222 " 207 192 2310 4.11 -- 1670 31.20 78.4. 323

35223 " 193 204 2230 4.09 -- 1390 28.46 77.3 271

35224 188 190 2150 3.87 -- 1600 29.30 77.0 300

35961 20Mar 1978 288 284 7350 5240 -- 1860 58.91 750 815

35962 318 276 7860 5110 -- 1770 56.98 708 922

35963 289 309 7090 4980 -- 1560 61.20 766 737

35964 265 277 7430 5300 -- 2020 57.85 727 1040

35965 277 265 7210 5090 -- 1900 59.00 755 820

41582 16 Nov 1981 349 345 10,300 13,800 45.70 2020 72.90 1090 996

41583 322 334 10,000 12,600 45.37 1780 70.79 944 1110

41584 367 349 9890 15,700 45.83 1550 74.31 977 867

41585 " 351 323 11,200 14,100 46.10 2340 69.89 1110 945

41586 334 367 10,100 12,800 44.82 2000 73.00 1000 1100
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Taskesken Vegetation

Sample Sampling Specific activity of radionuclides on sampling date, Bq/kz

no. date Cs- Sr-90 1-131 1-133 1- Sr-89 Zr-95 Te- Ba-
137 135 132 140

12376 25 Jun 1967 32,700 32,300 802,000 46,700 -- 209,000 10,800 54,900 88,900

12377 " 30,700 31,300 1,210,000 45,400 195,000 11,100 52,400 90,100

12378 " 29,800 32,700 987,000 47,200 -- 217,000 9720 57,800 86,500

12379 " 33,900 28,700 1,110,000 46,100 -- 201,000 8970 52,200 100,000

12380 " 31,500 32,500 1,000,000 47,000 -- 210,000 11,000 55,000 89,000

15146 10Apr 1972 58.91 58.06 335 -- 1340 16.72 6.70 111

15147 " 58.22 58.11 361 -- 1220 12.99 5.99 104

15148 58.66 57.96 355 -- 1750 18.21 6.87 97.5

15149 59.31 58.03 327 1-- 170 16.93 6.92 123

15150 " 56.97 58.00 333 -- 1300 17.00 6.55 110

19446 10 Jul 1973 34,900 34,600 831,000 2010 -- 253,000 12,600 20.700 72,600

19447 37,100 36,400 791,000 2410 -- 261,000 14,300 20,000 68,300

19448 " 32,700 32,200 854,000 1840 -- 244,000 10,800 24,400 81,100

19449 " 33,300 33,100 811,000 1910 -- 235,000 11,100 22,300 72,200

19450 " 35,100 36,100 830,000 2220 -- 250,000 13,000 21,000 73,000

30139 30 Sep 1976 302 296 8050 11,600 46.04 1660 41.41 825 768

30140 " 300 301 7850 11,300 45.73 1720 40.93 799 622

30141 " 314 274 8150 12,200 46.11 1580 42.30 833 874

30142 " 322 285 8030 10,600 46.02 1810 39.89 758 755

30143 298 307 7920 13,400 45.94 1700 41.09 830 770

35235 30 Sep 1977 174 170 1970 4.76 - 1370 23.62 64.45 254

35236 " 181 173 2110 5.06 -- 1110 22.80 65.11 222

35237 172 176 1930 4.65 - 1430 24.00 63.75 271

35238 " 170 167 1880 5.11 -- 1500 23.57 66.80 233

35239 " 168 165 2070 4.81 -- 1400 24.01 64.07 250

35976 20Mar 1978 254 250 6050 3430 -- 1630 48.13 628 688

35977 " 300 257 6130 3380 -- 1550 48.50 622 700

35978 " 244 236 5850 3400 -- 1830 49.31 598 672

35979 " 276 221 5960 3520 - 1700 46.99 631 666

35980 238 216 6110 3150 -- 1600 48.09 630 690

41597 16 Nov 1981 309 305 8630 11,100 32.87 1750 59.74 916 843

41598 301 306 9030 10,100 30.91 1660 60.31 896 800

41599 " 324 313 8240 11,700 33.00 1840 57.40 911 903

41600 311 295 8750 9870 32.57 1720 59.59 934 845

41601 307 309 8620 10,700 31.86 1800 60.04 920 840
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Makanchy Milk

Sample Sampling S ecific activity of radionuclides on sampling date, Bq/l
no. date Cs- Sr- 1- 131 1- 1- Sr-89 Zr-95 Te-132 Ba-140

137 90 133 135

12351 25 Jun 1967 7620 7960 113,000 5070 * 5,070,000 241,000 1,116,000 1,850,000

12352 " 8020 8160 133,000 4540 4,990,000 227,000 1,220,000 2,120,000

12353 7790 7580 94,500 3870 4,810,000 231,000 1,030,000 1,750,000

12354 " 7840 8270 109,000 5010 5,280,000 260,000 1,140,000 1,710,000

12355 7550 7880 111,000 4350 5,100,000 242,000 989,000 2,900,000

15121 10 Apr1972 28.70 2.95 72.31 -- 27,100 371 146 2310

15122 " 26.89 2.87 71.42 -- 25,600 369 177 2270

15123 29.60 3.05 72.19 -- 28,100 383 123 2240

15124 30.00 2.66 74.00 -- 24,800 400 169 2510

15125 25.92 3.01 71.88 -- 27,000 370 151 2300

19421 10 Jul 1973 8140 844 86,300 217 4,910,000 267,000 421,000 1,450,000

19422 " 7840 796 85,100 211 4,660,000 271,000 427,000 1,660,000

19423 " 8060 823 88,600 198 4,910,000 264,000 409,000 1,250,000

19424 8450 867 87,400 207 4,950,000 249,000 426,000 1,410,000

19425 8110 835 82,300 229 4,900,000 270,000 420,000 1,500,000

30114 30 Sep 1976 126 13.02 1560 2310 33,500 1140 17,500 16,100

30115 111 12.91 1160 2250 33,200 1130 16,500 17,200

30116 134 13.12 1640 1980 32,900 1210 15,800 15,900

30117 157 12.76 1320 2130 33,100 997 19,900 18,700

30118 106 13.22 1740 2050 33,500 1100 18,000 16,000

35210 30 Sep 1977 70.27 7.47 381 -- 27,900 524 1250 5350

35211 68.98 7.35 378 - 26,800 511 1090 5470

35212 69.87 7.58 412 -- 27,100 491 1220 5280

35213 " 70.09 6.97 398 -- 25,600 536 1120 5110

35214 70.11 8.01 332 -- 28,000 520 1300 5410

35951 20Mar 1978 105 10.94 851 873 33,100 1070 13,300 14,400

35952 111 11.04 865 866 31,100 1020 12,900 14,600

35953 " 103 10.55 831 894 33,600 1270 13,300 15,000

35954 97.5 10.68 859 901 32,000 1150 15,000 16,100

35955 121 11.14 847 875 33,000 1100 13,600 14,100

41572 16 Nov 1981 12.73 13.11 -- -. -- --

41573 11.99 12.85 ........

41574 " 15.21 13.09 ........

41575 12.22 13.14 ........

41576 " 11.78 12.96 ........

* - Valuesfor 1-135 below detectable limits because ofshort (6.6 hr) halflife and long time interval between test

date and sampling
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Urdzhar Milk

Sample Sampling S vecific activity of radionuclides on sampling date, Bq1l

no. date Cs- Sr- 1-131 1- 1- Sr-89 Zr-95 Te-132 Ba-140

137 90 133 135 1

12366 25 Jun 1967 7150 747 103,000 4860 * 3,790,000 207,000 1,030,000 1,640,000

12367 " 7130 733 128,000 3710 3,550,000 224,000 1,080,000 1,690,000

12368 " 7050 768 99,300 3980 3,810,000 206,000 984,000 1,310,000

12369 " 6970 755 97,800 5060 3,730,000 200,000 1,050,000 1,570,000

12370 " 7260 749 101,000 2550 3,800,000 210,000 1,000,000 1,600,000

15136 10Apr 1972 22.40 2.35 60.52 - 24,700 327 130 2080

15137 22.46 2.24 58.40 -- 27,100 300 145 2170

15138 " 21.60 2.15 60.37 -- 26,200 344 134 1990

15139 " 20.97 2.67 59.79 -- 21,900 329 125 2280

15140 21.72 2.49 61.08 -- 25,000 330 133 2100

19436 10 Jul 1973 7470 784 80,900 203 4,560,000 239,000 384,500 1,330,000

19437 " 7520 791 81,700 201 4,440,000 237,000 379,000 1,230,000

19438 " 7660 689 78,700 198 4,230,000 258,000 411,000 1,510,000

19439 " 7130 722 80,000 200 4,750,000 248,000 369,000 1,270,000

19440 " 8010 797 81,100 233 4,600,000 240,000 380,000 1,300,000

30129 30 Sep 1976 116 12.01 1410 2080 30,600 1000 15,700 14,500

30130 99.6 11.91 1350 2110 29,800 1110 14,600 13,500

30131 125 12.11 1390 2240 31,100 873 15,700 17,200

30132 "111 11.65 1230 1980 26,900 1090 16,000 15,400

30133 " 106 11.84 1440 2030 31,000 900 13,900 14,000

35225 30 Sep 1977 66.09 6.87 343 -- 25,300 462 1210 4800

35226 " 66.07 6.78 298 -- 24,400 479 1270 4910

35227 " 65.98 6.92 352 -- 25,100 511 992 4720

35228 " 66.11 7.13 339 -- 23,800 422 1160 5000

35229 " 65.27 6.46 341 -- 25,000 460 1200 4550

35966 20Mar 1978 96.71 10.03 768 786 30,200 938 11,900 13,000

35967 " 96.59 10.25 733 726 30,000 927 10,900 14,700

35968 " 97.26 9.96 818 711 28,800 889 11,200 13,300

35969 96.29 10.11 773 793 29,100 911 13,300 12,700

35970 " 96.65 9.87 744 806 29,300 940 12,000 13,100

41587 16Nov 1981 11.73 11.24 - - -- -- -- --

41588 " 14.00 11.60 .. .. "

41589 " 9.75 10.78 .. "" --

41590 " 12.03 10.55 .. .. ""

41591 " 11.18 11.20 .........

* - Valuesfor I-135 below detectable limits because ofshort (6.6 hr) half life and long time interval between test

date and sampling
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Taskesken Milk

Sample Sampling S necific activity of radionuclides on sampling date, Bq/l

no. date Cs- Sr- 1-131 1- 1- Sr-89 Zr-95 Te-132 Ba-140

137 90 133 135

12381 25 Jun 1967 8980 941 123,000 5610 * 3,350,000 173,500 884,000 1,420,000

12382 " 8390 922 114,000 3990 3,330,000 145,000 891,000 1,310,000

12383 " 9240 897 127,000 2370 3,290,000 201,000 1,060,000 1,630,000

12384 8880 954 143,000 6060 3,570,000 168,000 872,000 1,380,000

12385 8650 943 101,000 4320 3,310,000 170,000 1,080,000 1,400,000

15151 10Apr 1972 19.81 2.05 51.03 -- 21,400 266 109 1750

15152 " 19.73 2.11 52.00 -- 20,000 267 117 1640

15153 " 17.77 2.03 51.19 -- 23,100 288 98.0 1910

15154 " 20.01 2.01 51.40 -- 20,900 256 129 1520

15155 " 18.72 1.89 50.87 -- 22,200 271 110 1700

19451 10 Jul 1973 6880 719 71,300 178 4,050,000 201,000 331,000 1,160,000

19452 7090 711 69,700 166 4,000,000 208,000 328,000 1,090,000

19453 " 6920 744 68,300 183 3,870,000 222,000 324,000 1,220,000

19454 " 6540 708 71,000 208 3,790,000 196,000 355,000 1,300,000

19455 6760 689 70,300 173 3,960,000 200,000 330,000 1,110,000

30144 30 Sep 1976 102 10.52 1180 1750 26,400 816 13,200 12,200

30145 " 97.3 10.90 1090 1680 25,500 849 12,300 12,700

30146 104 10.00 1110 1830 23,700 798 13,000 15,100

30147 " 101 10.21 1080 1660 26,800 777 12,900 11,300

30148 98.2 11.02 1210 1810 26,100 820 12,700 12,000

35240 30 Sep 1977 58.32 6.03 290 -- 21,800 376 1020 4040

35241 63.10 5.97 298 -- 20,900 333 1080 4090

35242 54.96 6.11 271 -- 21,100 429 1040 3940

35243 60.30 5.81 288 -- 19,800 375 947 3610

35244 " 56.62 6.01 293 -- 21,600 380 1000 4260

35981 20Mar 1978 85.33 8.83 911 6640 26,000 763 10,100 11,000

35982 85.90 8.77 923 658 24,800 747 10,000 12,500

35983 85.11 8.09 904 677 27,100 761 9870 10,700

35984 " 84.89 9.23 897 644 25,500 750 8990 12,200

35985 " 83.99 9.11 902 692 26,000 800 10,800 9970

41602 16Nov 1981 10.40 10.72 -- -- -- - -- --

41603 10.51 10.59 ..........

41604 11.00 11.00 ..........

41605 10.79 10.94 .. ...... ..

41606 " 10.35 10.63 ..........

* - Values for 1-135 below detectable limits because of short (6.6 hr) half life and long time interval between test

date and sampling
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Table B-1. Specific activity in soil samples, layer 0-5 cm, Bq/kg.

Sampling location Radionuclides
Sr-90 -ECs-137 K-40 Ra-226 Th-232 U-235=

Bakht 6.291±1.880 7.132±1.070 526.5±56.44 35.51±10.34 25.41±7.623 3.459±1.238

Karatal 5.392±1.134 6.131±1.794 548.0±49.32 29.47±9.003 26.18±7.825 3.072±1.270

Makanchy 4.051±1.293 5.951±1.947 504.6±45.36 26.63±7.853 21.44±6.343 2.381 ±1.276

Karabuta 1.411±0.423 2.342±0.693 611.3±55.11 30.21±9.032 23.52±7.054 3.111±1.485

Blagodar- 1.011+-0.336 1.978±0.584 626.2±56.34 28.74±8.702 27.01±8.104 2.788±1.274

Kirovka 0.956±0.287 1.425±0.438 584.5±52.56 27.52±,8.184 22.98±6.914 3.335±.8

Urdzhar 3.278±1.001 4.341 ±1.235 470.6±42.36 26.27±7.814 31.62±9.383 3.952±1.921

Aksakovka 0.821±0.296 1.372±0.432 456.8±41.04 27.01±8.190 30.05±9.189 4.003±1.084

Irinovka 0.798±0.237 0.911±0.264 474.8±42.75 28.32±8.425 33.11±9.575 3.571±1.736

Besterek 2.345±0.721 3.524±1.003 511.6±45.99 25.11±7.529 29.84±9.390 3.245±1.894

Novoan- 1.366±0.392 2.431±0.721 492.7±44.28 29.01±8.733 32.17±8.864 3.982±2.063
dreevka I______ I______ ______ ______

Alekse- 0.364±0.104 0.427±0.129 523.9±47.07 26.34±7.814 131.62±14.92 3.621 ±1.489

Laibulak 2.936±0.873 4.002±1.163 675.5±60.75 20.96±6.323 34.19±13.09 2.984±1.126

Predgornoe 2.524±0.704 3.860±1.223 734.1±66.06 22.17±6.611 36.02±14.86 2.245±1.674

Tekebulak 2.327±0.637 3.004±1.400 622.4±55.98 21.48±6.001 32.14±14.87 2.611±1.045

Taskesken 2.101±0.582 3.511±1.002 790.2±71.13 21.33±6.032 35.84±12.53 2.582±1.053

Zhanama 0.573±0.166 0.972±0.291 1684.3±61.56 19.92±6.041 33.71±15.35 .2.097±0.784
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Table B-2. Layer by layer distribution of average values for alpha, beta, and gamma radiation in the

_______soil (±values in counts/cm.

Population Depth Alpha Gamma Gamma + beta Beta radiation

point (c) radiation radiation radiation________
Bahy0 0.12±0.024 3.68±-0.736 6.25±0.911 2.57±1.171

5 0.44±0.078 4.40±0.792 6.70±1.002 2.30±1.277

10 0.18±0.036 4.00±0.621 5.88±0.778 1.88±0.995

20 0.63±0.106 4.13±0.743 6.44±0.932 2.31±1.191

30 0.20±0.040 4.50±0.876 8.00+-1.011 3.50±1.338

40 0.59±0.111 2.88±0.478 6.00±0.879 3.12±1.001

50 0.70±0.126 3.00±0.542 6.20±0.912 3.20±1.061

60 0.21±0.042 4.40±0.785 7.80±1.101 3.40±1.352

70 0.18±0.038 3.90±0.611 5.87±0.867 1.97±1.061

80 0.11±+0.022 3.85±0.770 6.20±0.894 2.35±1.178

90 0.15±0.031 3.80±0.754 5.99±0.856 2.19±1.140

Makanchy 0 0.32±0.062 5.00±0.911 8.50±1.117 3.00±1.441

5 0.27±-0.049 4.40±0.779 12.37±1.655 7.97±1.829

10 0.47±0.091 5.63±0.845 7.68±1.114 2.05±1.398

20 0.21±0.041 6.38±0.897 13 .40±-1.977 7.02±2.171

30 0.12±0.023 5.50±-0.822 8.38±1.137 2.88±1.403

40 0.21±0.039 8.70±1.013 13.57±1.869 4.87±2.125

50 0.23±0.033 6.42±+0.679 7.38±+0.907 0.96±1.133

60 0.21±0.042 4.80±0.714 13.00±1.874 8.20±2.005

70 0.21±0.039 5.19±0.778 10.22±1.332 5.03±1.543

80 0.27±0-044 4.80±0.699 6.88±1.032 2.08±1.246

90 -0.16±0.032 4.25±0.765 5.70±+0.833 1,45±1.131

Urdzhar 0 0.74±0.131 4.25±0.754 6.80±1.002 2.55±1.254

5 0.51±0.092 4.75±0.613 5.86±0.769 1.11±0.983

10 0.60±0.127 4.88±0.732 7.25±1.008 2.37±1.245

20 0.42±0.096 4.63±+0.687 6.00±0.891 1.37±1.125

30 0.82±+0.121 4.62±0-.654 5.83±0.784 1.21±1.021

40 1.77±0.265 5.29±+0.794 8.38±1.132 3.09±-1.382

50 0.73±-0.131 4.43±0.656 7.14±1.007 2.71±1.201

60 1.06±0.159 4.53±0.661 7.20±0.996 2.67±1.195

70 0.47±0.085 3.88±+0.582 6.29±0.914 2.41±1.084

80 0.38±0.021 3.00±0.398 7.40±+1.001 4.40±1.077

90 0.97±0.146 3.60±0.503 7.00±0.967 3.40±1.089

Taskesken - 0 0.035±0.019 3.67±0.531 .6.86±1.003 3.19±1.134

5 0.080±0.012 3.67±0.552 6.70±0.944 3.03±1.094

10 0.030±0.005 2.50±0.375 7.75±1.016 5.25±1.083

20 0.070±0.010 3.55±+0.522 5.88±0.876 2.33±1.019

30 0.050±0.011 3.61±-0.514 6.71±1.006 3.10±1.129

40 0.062±0.008 3.62±+0.541 7.82±1.113 4.20±1.238

50 0.062±0.012 3.55±0.498 7.67±1.131 4.12±1.236

60 0.040±0.009 3.86±+0.564 5.63±-0.745 1.77±0.934

70 0.032±0.018 3.91±0.585 5.80741.67±0.962

80 0.100±0.015 4.21±0.621 5.63±+0.698 1.42±0.934

90 0.067±0.011 2.58±0.477 3.92±0.498 1.34±0.689
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Table B-3. Layer by layer specific activity in soil samples Bahy B/g
Soil layer Sr-90 Cs-137 K-40 Ra-226 Th-232 U-235
0-5 CM 6.296±1.888 7.130±1.070 526.5±56.44 35.51±10.65 25.41±7.623 3.459±1.138

5-10 6.867±1.476 5.121±0.768 469.4±47.32 35.43±10.63 23.09±8.072 4.016±1.096

10-20 5.301±1.384 4.436±0.957 445.4±40.09 33.36±10.89 22.55±8.063 3.475±1.125

20-30 6.210±1.111 5.130±0.780 608.8±54.79 29.59±8.893 24.02±7.341 2.677±1.119

30-40 1.528±0.458 1.188±0.335 561.3±57.71 31.57±9.472 26.28±7.883 2.709±1.097

40-50 1.315±0.394 1.117±0.339 591.6±46.28 37.45±9.111 31.58±9.472 3.537±1.744

50-60 2.416±0.723 1.196±0.345 503.0±50.06 30.02±9.014 25.40±7.923 2.141±1.073

60-70 0.762±0.228 0.617±0.476 356.4±37.81 41.21±7.893 22.98±9.744 2.431±1.087

70-80 1.424±0.421 1.014±0.450 339.5±40.21 38.47±8.365 20.25±8.451 14.504±2.157

80-90 1.452±0.443 1.324±-0.397 272.8±35.31 35.10±10.53 17.30±8.432 4.325±2.001

90-100 1.371±0.648 1.105±0.332 204.5±28.33 46.15±9.692 15.02±6.423 14.631±1.948

Table B-4. Layer by layer specific activity in sil samples at Makanchy, Bg.k 1

Soil layer Sr-90 Cs-137 K-40 Ra-226 Th-232 U-235
0-5 cm 4.051±1.103 5.951±1.145 504.0±80.51 26.63±7.99 21.44±10.32 2.381±1.043

5-10 4.603±1.109 4.325±1.784 620.1±60.14 25.04±8.11 22.53±9.74 3.962±0.973

10-20 6.923±1.078 5.551±1.327 650.4±58.22 29.61±6.36 23.17±8.22 2.845±1.054

20-30 7.541±1.007 6.412±1.946 728.3±46.74 31.91±5.23 35.62±6.26 4.001±0.731

30-40 4.117±1.034 3.223±1.059 745.9±44.23 25.62±8.07 21.59±9.89 3.781±0.987

40-50 1.791±0.537 1.453±0.526 495.6±77.54 22.54±9.41 22.73±9.56 2.678±1.063

50-60 2.072±1.001 1.686±0.695 670.2±47.21 22.48±+9.74 20.71±10.39 2.645±1.049

60-70 1.955±0.582 1.331±0.399 430.7±79.32 24.81±9.35 21.72±9.22 3.541±1.001

70-80 1.643±0.662 1.356±0.407 600.1±60.15 31.72±5.43 23.31±8.01 2.623±1.018

80-90 1.433±0.678 0.956±0.384 550.5±75.32 25.37±8.04 32.90±+7.22 4.801±0.574

90-100 1.202±0.483 1.112±0.411 560.5±70.23 17.28±7.75 21.09±10.44 3.73±.7

Table B-5. Layer by layer specific activity in soil samples, Urdzhar, Bg/kg.
Layer, cmi Sr-90 Cs-137 K-40 Ra-226 Th-232 U-235
0-5 3.278±0.908 4.341±1.131 470.6±42.35 26.23±7.87 31.62±9.83 3.952±1.181

5-10 4.051±1.132 4.002±1.032 630.0±56.74 30.81±9.26 25.63±7.25 6.253±0.665

10-20 6.624±1.732 5.325±1.134 610.8±54.97 28.24±8.45 32.11±5.28 4.851±1.032

20-30 3.71 1±0.963 3.125±0.866 610.8±60.71 21.33±5.94 35.43±4.34 5.063±0.754

30-40 2.210±0.653 2.265±0.680 881.0±79.29 35.91±9.38 37.21±7.83 6.064±0.654

40-50 1.435±0.432 1.342±-0.397 750.3±67.53 25.32±8.39 29.37±5.43 4.401±1.034

50-60 1.992±0.553 1.263±0.438 580.9±52.28 25.64±8.37 27.34±6.83 3.951±1.45 1_
60-70 1.967±0.545 1.392±0.352 560.8±50.47 29.83±7.65 28.16±8.94 3.241±1,523

70-80 1.625±0.450 1.243±0.441 840.4±75.61 35.22±6.69 29.15±7.74 5.054±0.501

80-90 1.341±0.371 0.945±0.283 790.3±71.13 31.42±8.63 29.33±6.73 4.087±1.003

90-100 1.423±0.394 1.023±0.307 650.4±58.54 22.56±6.35 26.14±8.33 504±0.532
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Table B-6. Layer by layer specific activity in soil sampies, Taskesken, Bq/kg.
Layer, cm Sr-90 Cs-137 K-40 Ra-226 Th-232 U-235
0-5 2.101±-0.582 3.551±1.693 790.2±71.10 21.33±5.253 35.84±7.153 2.582±-0.653

5-10 4.124±1.035 3.446±1.263 831.0±74.79 29.41±7.258 40.01±6.893 2.815±0.624

10-20 4.366±1.145 2.112±1.022 620.5±55.82 28.56±7.234 37.02±7.003 2.728±-0.634

20-30 2.398±0.611 0.914±0.356 741.6±66.73 25.41±6.251 26.62±7.873 2.545±0.703

30-40 1.834±+0.592 0.711±-0.562 697.8±62.82 26.97±6.757 37.5 1±6.969 3.309±0.564
40-50 1.792±+0.496 1.007±1.521 715.5±64.40 30.01±7.504 31.13±7.300 2.714±0.632
50-60 0.902±0.2571 0.951±-0.423 829.3±74.64 23.23±5.750 39.48±6.937 3.772±0.509

60-70 0.686±+0.178 1.038±-0.526 559.9±50.33 30.28±7.500 30.21±7.473 2.472±-0.697

70-80 0.755±-0.129 0.897±+0.261 585.9±52.74 34.62±6.937 28.49±7.676 3.139±+0.574

80-90O 0.759±+0.162 0.752±+0.242 805.2±72.41 33.31±7.154 29.67±7.563 2.632±0.645

90-100 0.662±0.195 0.901±+0.396 573.5±51.56 26.92±7.035 33.64±7.253 2.893±+0.629

Table B-7. Specific activity in vegetation from different locations, Bg/kg.

Sampling location Sr-90 Cs3 K-40 jRu-106 Ra-226 LTh-232

District ________________

Bakhty 1.347±0.214 1.917±0.575 115.8±17.25 5.907±1.936 3.81 1±1.034 1.263±0.434

Karatal 1.123±0.227 1.852±0.498 224.4±30.45 4.238±1.601 1.301±-0.483 1.673±0.543

Makanchy 0.917±0.254 1.729±-0.469 313.9±46.95 5.616±1.862 5.020±1.639 1.368±0.434

Karabuta 0.892±0.197 0.937±0.286 280.1±32.64 5.729±1.894 1.460±+0.549 1.254±0.376

Blagodarnoye 0.762±0.201 0.876±0.246 225.8±30.17 3.048±1.005 3.412±1.076 1.80±0.532

Kirovka 0.478±0.132 0.788±0.237 161.9±24.15 5.791±1.451 4.838±+1.556 2.301±0.734

:rdzhar
District________________

Urdzhar 1.951±0.487 1.704±+0.548 98.76±14.23 5.191±1.295 5.618±1.921 2.675±0.827

Aksakovka 0.432±0.114 0.773±+0.248 187.5±28.05 2.853±0.926 2.675±+0.833 2.6 18±+0.803

Irinovka 0.463±0.121 0.524±0.176 137.2±22.61 2.910±+0.921 4.548±1.543 3.412±1.001

Besterek 1.057±0.231 0.969±0.313 322.0±47.42 2.502±+0.654 3.796±1.132 4.172±1.345

Novoandreevka 0.733±+0.206 0.911±0.300 280.4±32.54 2.088±0.445 1.875±10.549 2.887±0.934

Alekseevka 1'0.224±0.062 0.236±0.072 224.5±30.23 2.956±0.938 2.897±0.859 3.921±1.043

Taskesken District _________ ____ ____ ____ ____

Laibulak 0.804±0.223 1.492±0.570 216.5±30.04 4.715±1.554 3.446±1.003 1.011±+0.338

Predgornoye 0.772±0.204 1.481±0.543 113.9±+17.43 4.973±1.664 2,977±0.937 0.559±0.110
Tekebulak 0.334±0.092 0.601±0.205 220.8±31.25 2.001±+0.693 j2.918±+0.917 0.995±0.239

Taskesken 0.788±0.218 0.820±+0.274 293.8±33.15 3.439±+1.076 j4.088±1.093 0,753±0.240

Zhanama 0.243±0.067 10.432±0.124 1327.1±49.05 2.733±0.873 j2.220±+0.734 1.288±0.462
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Table B-8. Coefficients of biological absorption and ratio of Cs-137 to Sr-90 in vegetation
from different locations

Sampling Location Cesium-137 Strontium-90 Cesium-137/
_________________ Strontium-90

Bakhty 0.268 0.214 1.423
Karatal 0.304 0.208 1.649

Makanchi 0.291 0.226 1.885
Karabuta 0,401 0-.632 1.051

Blagodarnoe 0.443 0.540 1.150
Kirovka 0.553 0.500 1.649

Udhar istict__
Urdzhar 0.393 0.595 0.873

Aksakovka 0.563 0.526 1.789
Irinovka 0.575 0.580 1.132
Besterek 0.275 0.451 0.9 17

Novoandreevka 0.375 0.537 1.243
Alekseevka 0.552 0.615 1.054

Laibulak 0.373 0.273 1.856
Predgornoye 0.384 0.306 1.918
Tekebulak 0.194 0.146 1.799
Taskesken 0.234 0.375 1.041
Zhanama 0.444 0.424 1.778
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Table B-9. Specific activity in milk from different locations, Bq/1.

Radionuclide

Sampling Sr-90 f Cs-137 K-40 Ru-10 Ra-226 ll-2,32

Location _ _I_ _ _ _

Makanchy~LLP Disfi_______t

Bakhty 0.124±0.038 0.147±0.054 49.24±7.386 0.287±0.082 0.324±0.101 0.054±0.012

Karatal 0.098±0.024 0.092±-0.003 39.75±5.851 0.253±0.074 0.156±0.021 0.112±0.021

Makanchy 0.111±0.028 0.131±0.038 32.67±5.452 0.319±0.105 0.421±0.134 0.079±0.027

Karabuta 0.074±0.026 0.053±0.017 21.85±3.745 0.334±0.093 0.147±0.035 0.063±0.021

Blagodarnoye 0.062±0.021 0.045±0.015 18.32±2.947 0.104±0.024 0.321±0.101 0. 154±0.043

Kirovka 0.037±0.011 0.044±0.014 35.04±5.896 0.321±0.083 0.408±0.126 0.157±0,043

Utdzhar District________

Urdzhar 0.103±0.031 0.126±0.035 32.74±4.879 0.181±0.058 0.423±0.1 15 0.131±0.033

Aksakovka 0.029±0.009 0.033±0.011 18.35±2.974 0.073±0.002 0.254±0.078 _0.098±0.023

Irinovka 0.033±0.010 0.029±-0.009 17.99±2.546 0.098±0.035 0.352±0.093 0.176±0.054

Besterek 0.094±0.031 0.064±0.019 30.02±4.347 0.044±0.011 0.311±0.063 0. 196±0.065

Novoandre- 0.066±0.020 0.058±0.014 28.41±4.049 0.052±0.013 0.152±0.049 0.157±0.043

yevka ________________

Alekseevka 0.014±0.004 0.015±0.004 22.15±3.224 0.101±0.036 0.268±0.076 0.183±0.058

Taskesken District _____ __________

Laibulak 0.086±-0.023 0.114±0.034 45.82±6.498 0.143±0.038 -0.173±0.045 0.162±0.053

Predgomoye 0.083±0.022 -~0.082±0.021 32.86±4.586 0.078±0.021 0.120±0.033 0.039±0.012

Tekebulak 0.041±0.012 0.063±0.018 48.61±6.805 0.041±0.012 0.071±0.023 0.044±0.015

Taskesken 0.082±0.022 0.075±0.019 23.57±3.264 0.05 7±0.013 0.084±0.028 0.078±0.021

F Zhanama 0.029±0.009 0.033±0.009 32.21±4.084 0.039±0.011 j0.034±0.012 0.095±0.028

B-I16



Table B-10. Specific activity in meat from different locations, Bq/kg.

Radionuclide

Sampling Sr-90 Cs-137 K-40 Ru-106 Ra-226 Th-232

location__ _ I__ _ _ _ _I

Bahy 0.096±0.028 0.165±0.021 27.16±4.050 0.483±0.194 0.464±0.178 0.146±0.044

Karatal 0.075±0.019 0.150±0.022 22.29±3.187 0.249±0.086 0.310±0.121 0.172±0.057

Makanchy 0.101±0.029 0.124±0.017 33.97±4.576 0.307±0.102 1.523±0.544 0.124±0.033

Karabuta 0.061±0.016 0.060±0.012 28.37±4.135 0.346±0.121 0.284±0.095 0.111±+0.035

Blagodar- 0.063±0.017 0.057±-0.012 22.74±3.175 0.172±0.064 0.321±-0,128 0.227±0.067

noye I_____ I____

Kirovka 0.034±0.009 0.048±0.014 20.94±2.964 0.473±0.154 0.788±0.241 0.257±0.078

Urdzhar 0.094±0.024 0.114±0.026 10.81±1.398 0.296±+0.095 0.360±0.118 0.260±+0.082

Aksakovka 0.030±0.008 0.049±0.014 14.41±2.084 0.046±0.013 0.179±0.057 0.259v0.082

Irinovka 0.034±0.008 0.042±0.013 15.02±2.187 0.026±0.008 0.131±0.045 0.271±0.087

Besterek 0.069±-0.019 0.087±0.022 20.93±2.869 0.019±0.006 0.326±0.106 0.392±0.124

Novoandre- 0.050±+0.017 0.063±-0.012 20.52±2.765 0.052±-0.012 0.183±0.064 0.264±0.084

yevka I_____ ___________

Alekseevka 0.019±0.005 0.015±0.005 19.27±2.587 0.053±0.013 0.268+-0.092 0.287±0.086

Taskesken District__ _ _____ _____ ____

Laibulak 0.078±+0.021 0.098±0.031 27.72±3.941 0.226±+0.075 0.3 11±0.109 0.089±+0.022

Predgornoye 0.069±-0.018 0.084±+0.028 19.78±2.659 0.163±+0.056 0.279±0.056 0.024±0.008

Tekebulak 0.033±+0.008 0.077 ±0.023 28.34±4.073 0.101±0.035 0.284±-0.091 0.073±0.023

Taskesken 0.075±0.021 0.082±0.029 31.55±4.467 0.144±0.034 0.328±0.098 0.055±0.019

Zhanama 0.022±-0.006 0.041±0.012 32.18±4.793 0.172±0.039 0.233±0.076 0.096±+0.031
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Table B-1l. Transfer coefficients of Sr-90 and Cs-137.

Sampling Location Vegetation to Milk Vegetation to Meat

-6r-90 Cs-137 jSr-90 Cs-137

Bakhty 0.092 0.077 0.072 0.086
Karatal 0.087 0.050 0.067 0.081
Makanchy 0.121 0.076 0.110 0.072
Karabuta 0.083 0.057 0.068 0.064

Blagodamnoe 0.081 0.051 0.063 0.065
Kirovka 0.077 0,056 0.071 0.061

'Urdhwa District __________ _____ ____

Urdzhar 0.053 0.074 0.048 0.067
Aksakovka 0.068 0.043 0.069 0.063
Irinovka 0.071 0.042 0.073 0.060
Besterek 0.089 0.066 0.065 0.090
Novoandreevka 0.090 0.064 0.068 .0.069

Alekseevka 0.064 0.064 0.03 0.030

Taskeskcn District______ ____________ __ ______

Laibulak f0.107 0.076 0.097 0.065
Predgomnoe 0.108 0.055 0.089 0.056
Tekebulak 10.123 0.105 0.099 0.128
Taskesken j0.104 0,091 0.095 0.100
Zhanama 0.121 0.076 0.089 0.095

Table B-12. Specific activity in animal bones from different locations, Bq/kg.
Radionuclides

Sampling Sr-90 Cs-137 K-40 Ru-106 Ra-226 Th-232
Location

Makanchy District ____________________________

Bakhty 6.823±2.098 2.141±0.732 35.81±7.005 11.62±3.650 4.914±1.594 3.918±1.284

Karatal 6.312±2.031 1.671±+0.387 43.89±6.104 7.136±2.347 1.269±+0.434 4.345±1.443

Makanchi 8.429±2.834 1.223±0.287 49.91±7.034 9.532±3.026 8.679±2.674 4.131±1.245

Karabuta 5.467±1.785 0.657±0.128 46.63±6.552 10.02±3.388 1.313±-0.349 3.613±1.043

Blagodamnoye -~3.786±1.021 0.427±0.146 43.51±+6.105 6.143±2.053 3.428±1.036 5.028±1.634
Kirovka 3.067±1.006 0.412±0.113 37.86±5.291 10.22±3.357 6.841±2.249 5.321±1.743

UrzasyDistrict ____ ____

Urdzhar 7.626±2.367 1.201±0.352 27.98±3.976 9.345±3.105 9.412±3.040 6.445±2.102

Aksakovka 3.224±1.078 0.339±-0.117 38.42±5.356 4.919±-1.362 2.494±+0.618 5.832±1.983
Irinovka 2.987±0.914 0.226±0.103 37.64±5.241 5.027±1.624 6.525±2.047 9.381±3.104
Besterek 5.013±1.745 0.664±0.216 52.64±7.467 3.376±1.103 4.538±1.342 11.27±3.638

Novoan- 4.117±1.562 0.619±+0.196 48.96±6.984 4.031±1.343 1.825±0.683 6.544±2.197
dreevka

Alekseyevka 1.891±0.624 0.198±0.084 42.77±+6.053 5.273±1.743 2.543±0.628 10.83±3.539

Taskesken'District___________ ____ ________

Laibulak 7.611±2.372 0.879±+0.243 40.16±5.749 7.333±2.378 3.406±1.036 3.542±1.132

Predgomoye 7.490±2.680 0.861±0.218 34.24±4.892 7.41 7±2.343 2.911±+0.933 2.424±0.803

TeKebulak 5.364±1.459 0.585±0.163 42.11±6.034 3.922±1.234 2.861±-0.804 -2.983±0.834

Taskesken 6.514±2.021 0.619±-0.212 44.56±+6.342 6.839±2.282 6.008±1.794 2.861±-0.823
Zhanama 2.002±0.673 0.179±-0.058 54.01±7.587 4.001±1.294 2.005±+0.634 4.087±1.365
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APPENDIX C

Data on Population Description and on Standard Mortality Ratios

Table C-I Dynamics of number of radiation risk groups among the population of
Makanchy District (thousands) C-3

Table C-2 Dynamics of number of radiation risk groups among the population of
Urdzhar and Taskesken Districts (thousands) C-3

Table C-3 Dynamics of number of radiation risk groups among the population of
Kokpekty District (thousands) C-4

Table C-4 Dynamics of standardized indices of the overall level of cancer mortality
for the population of Makanchy District (per 100,000) C-4

Table C-5 Dynamics of standardized indices of the overall level of cancer mortality
for the population of Urdzhar and Taskesken Districts (per 100,000) C-4

Table C-6 Dynamics of standardized indices of the overall cancer mortality level for the
population of Kokpekty District (per 100,000) C-5

Table C-7 Dynamics of relative risk of overall cancer mortality among the population of
the study districts, 1949-1970 C-6

Table C-8 Dynamics of relative risk of overall cancer mortality among the population of
the study districts, 1971-1996 C-7

Table C-9 Dynamics of SMR of the population of Makanchy District by primary sites
(per 100,000 population) C-8

Table C-1 0 Dynamics of SMR of the population of Urdzhar and Taskesken Districts by
primary sites (per 100,000 population C- 10

Table C-Il Dynamics of SMR of the population of Kokpekty District by primary site
(per 100,000 population) C- 12

Table C- 12 Dynamics of SMR and RR of lung cancer among the population of Makanchy,
Urdzhar and Taskesken Districts and the control District of Kokpekty C- 14

Table C-13 Dynamics of SMR and RR of breast cancer among the population of Makanchy,
Urdzhar and Taskesken Districts and the control District of Kokpekty C-15

Figure C-I Dynamics of SMR of Makanchy District population from esophageal cancer

(per 100,000 persons) C- 16

Figure C-2 Dynamics of SMR of Makanchy District population from stomach cancer

(per 100,000 persons) C- 16

Figure C-3 Dynamics of SMR of Makanchy District population from liver cancer

(per 100,000 persons) C- 16

Figure C-4 Dynamics of SMR of Makanchy District population from intestinal cancer

(per 100,000 persons) C- 17

Figure C-5 Dynamics of SMR of Makanchy District population from lung cancer

(per 100,000 persons) C-17

Figure C-6 Dynamics of SMR of Makanchy District population from breast cancer

(per 100,000 persons) C- 17
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Figure C-7 Dynamics of SMR of Kokpekty District population from lung cancer

(per 100,000 people) C- 18

Figure C-8 Dynamics of SMR of Kokpekty District population from esophageal cancer

(per 100,000 people) C-18

Figure C-9 Dynamics of SMR of Kokpekty District population from stomach cancer
(per 100,000 people) C- 18

Figure C-10 Dynamics of SMR of Kokpekty District population from liver cancer

(per 100,000 people) C- 19

Figure C- 1I Dynamics of SMR of Kokpekty District population from intestinal cancer

(per 100,000 people) C- 19

Figure C- 12 Dynamics of SMR of Kokpekty District population from lung cancer

(per 100,000 people) C- 19

Figure C-13 Dynamics of SMR of Kokpekty District population from breast cancer

(per 100,000 people). C-20
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Table C-1. Dynamics of number of radiation risk groups among the population
___ of Makanchy District (thousands).

1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959

M 9.5 9.5 10.0 10.0 10.0 10.3 11.0 11.2 12.0 12.2 12.3

F 10.5 11.0 11.0 11.5 11.0 12.0 12.4 13.0 13.0 13.3 14.0

Total 20.0 20.5 21.0 21.5 21.0 22.3 23.4 24.2 25.0 25.2 26.3

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970

M 13.0 13.0 14.0 14.2 14.0 14.2 14.2 14.5 14.6 14.8 14.5

F 14.0 14.5 14.0 15.6 15.0 15.0 15.3 15.3 15.0 15.2 15.0

Total 27.0 27.5 28.0 29.8 29.0 29.2 29.5 29.8 29.6 30.0 29.5

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

M 14.8 14.8 15.0 15.2 15.4 15.5 15.8 15.8 15.8 15.8 16.0

F 15.7 16.0 16.0 16.0 16.2 16.3 16.5 17.2 18.0 18.2 18.2

Total 30.5 30.8 31.0 31.2 31.6 31.8 32.3 33.0 33.8 34.0 34.2

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

M 16.4 16.7 16.8 17.0 17.2 17.2 17.5 16.6 16.7 17.0 17.5

F 19.0 19.0 19.0 19.0 19.0 19.2 19.0 19.3 20.2 20.1 20.0

Total 35.4 35.7 35.8 36.0 36.2 36.4 36.5 36.9 36.9 37.1 37.5

1993 1994 1995 1996
M 17.8 18.0 18.3 18.5 l.. .... . . .....

F 20.5 21.1 21.0 21.0

Total 38.3 39.1 39.3 39.5

Table C-2. Dynamics of number of radiation risk groups among the populations
of Urdzher and Taskesken Districts (thousands)

1949 1950 1951 1952 1953 1954 1955 1 1956 1957 1958 1959

M 17.0 18.0 18.0 18.5 19.0 19.0 19.5 20.0 21.0 21.5 22.0

F 20.5 20.3 20.5 20.5 20.5 20.8 21.1 22.4 22.8 23.7 24.2

Total 37.5 38.3 38.5 39.0 39.5 39.8 40.6 42.4 43.8 45.2 46.2

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970

M 23.0 23.2 24.2 25.8 25.0 26.5 26.0 26.6 27.0 27.4 28.0

F 24.3 25.0 26.0 27.0 26.9 26.1 27.8 28.0 28.2 29.0 29.2

Total 47.3 48.2 50.2 52.8 51.9 52.6 53.8 54.6 55.2 56.4 57.2

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

M 28.3 28.0 28.3 29.0 29.8 30.0 30.4 30.2 31.3 32.0 33.0

F 29.5 29.8 30.0 30.4 31.4 32.0 32.4 34.0 34.0 34.4 34.0

Total 57.8 57.8 58.3 59.4 61.2 62.0 62.8 64.2 65.3 66.4 67.0

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

M 33.8 34.5 35.0 36.5 36.5 37.2 38.5 39.4 40.5 41.0 41.5

F 34.7 36.0 36.8 37.0 39.4 40.0 42.0 43.0 43.0 43.5 43.5

Total 68.5 70.5 71.8 73.5 75.9 77.2 80.5 82.4 83.5 84.5 85.0
1993 1994 1995 1996

M 41.7 42.0 43.3 42.0M
F 43.5 43.5 43.0 45.0

Total 85.2 85.5 86.3 87.0
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Table C-3. Dynamics of number of radiation risk groups among the population
of Kokpekty Control District (thousands).

1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959

M 10.0 10.0 10.5 10.8 11.0 11.0 11.8 12.0 12.0 12.0 12.5

F 10.0 11.2 12.0 12.0 12.5 13.5 13.0 13.2 13.8 14.2 14.5

Total 20.0 21.2 22.5 22.8 23.5 24.5 24.8 25.2 25.8 26.2 27.0

1960 1961 1962. 1963 1964 1965 1966 1967 1968 1969 1970

M 13.0 13.5 13.2 13.5 13.8 13.1 13.3 13.5 13.7 14.0 14.0

F 14.5 14.5 15.0 15.0 15.2 16.0 16.0 16.0 16.0 15.0 15.5

Total 27.5 28.0 28.2 28.5 29.0 29.1 29.3 29.5 29.7 29.0 29.5

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

M 14.1 14.0 14.5 14.5 14.2 14.4 14.8 14.4 15.0 15.0 15.5

F 15.5 16.0 16.0 16.5 17.0 17.0 17.0 17.4 17.2 17.8 17.9

Total 29.6 30.0 30.5 31.0 31.2 31.4 31.8 31.8 32.2 32.8 33.4

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

M 15.2 15.6 15.8 15.5 15.3 15.0 15.2 16.0 16.0 16.0 15.2

F 18.0 18.0 17.0 16.0 17.0 17.0 17.0 16.1 16.4 16.8 16.0

Total 33.2 33.6 32.8 31.5 32.3 32.0 32.2 32.1 32.4 32.8 31.2
1993 1994 1995 1996 7 7477 .. .

M 14.5 14.8 14.5 15.0

F 16.1 16.0 16. 5 17. 0 :- '..

Total 30.6 30.8 31.0 32.0

Table C-4. Dynamics of standardized indices of the overall level of cancer mortality for the
population of Makanchy District (per 100,000).

1949 75 1959 72.2 1969 90 1979 109.5 1989 195.1

1950 82.9 1960 66.6 1970 101.7 1980 117.6 1990 200.5

1951 90.5 1961 80 1971 104.9 1981 122.8 1991 167.1

1952 93.0 1962 71.4 1972 110.4 1982 118.6 1992 170.7

1953 85.7 1963 83.9 1973 112.9 1983 126.1 1993 156.7

1954 71.7 1964 89.7 1974 118.6 1984 122,9 1994 158.6

1955 59.8 1965 99.3 1975 126.6 1985 155.6 1995 162.8

1956 70.2 1966 91.5 1976 128.9 1986 163 1996 159.5

1957 84 1967 83.9 1977 111.5 1987 214.3

1958 104 1968 94.6 1978 118.2 1988 208.2

Table C-5. Dynamics of standardized indices of the overall level of cancer mortality for the
population of Urdzhar and Taskesken Districts (per 10 000).

1949 53.3 1959 75.7 1969 76.2 1979 84.2 1989 121.3

1950 62.6 1960 63.4 1970 78.6 1980 93.3 1990 129.3

1951 67.5 1961 64.3 1971 83.0 1981 94.0 1991 125.4

1952 69.2 1962 59.7 1972 86.5 1982 91.9 1992 102.3

1953 63.2 1963 68.1 1973 80.6 1983 95.0 1993 97.4

1954 60.3 1964 73.2 1974 85.8 1984 96.1 1994 101.7

1955 54.1 1965 79.8 1975 83.3 1985 102.0 1995 101.9

1956 54.2 1966 74.3 1976 83.8 1986 109.3 1996 104.5

1957 66.2 1967 73.2 1977 79.6 1987 110.1

1958 70.7 1968 76.0 1978 87.2 1988 118.0
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Table C-6. Dynamics of standardized indexes of the overall cancer mortality level for the population
of Kokpekty District (per 100,000).

1949 70.0 1959 74.0 1969 96.5 1979 111.8 1989 121.4

1950 70.7 1960 69.0 1970 98.3 1980 115.8 1990 123.4

1951 80.0 1961 75.0 1971 101.3 1981 116.7 1991 115.8

1952 78.9 1962 74.4 1972 106.6 1982 114.4 1992 125.0

1953 80.8 1963 84.2 1973 108.1 1983 116.0 1993 120.9

1954 69.3 1964 86.2 1974 112.9 1984 121.9 1994 120.1

1955 60.4 1965 96.2 1975 121.7 1985 120.6 1995 112.9

1956 67.4 1966 95.5 1976 124.2 1986 117.6 1996 118.7

1957. 73.6 1967 91.5 1977 116.3 1987 121.

1958 91.6 1968 94.2 1978 119.4 1988 i18.0
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Figure C-. Dynamics of SMR of Makanchy District population from esoha
cancer (per 100,000 persons).
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Figure C-4. Dynamics of SMR of Makanchy district population from intestinal
cancer (per 100,000 persons).
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Figure C-7. Dynamics of SMR of Kokpekty District population from esophageal
cancer (per 100,000 people).
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Figure C-8. Dynamics of SMR of Kokpekty District population from stomach
cancer (per 100,000 people).
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Figure C-9. Dynamics of SMR of Kokpekty District population from liver
cancer (per 100,000 people).
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Figure C-10. Dynamics of SMR of Kokpekty District population from intestinal cancer.
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Figure C-11. Dynamics of SMR of Kokpekty District population from pancreatic

cancer (per 100,000 people).
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Figure C-12. Dynamics of SNM of Kokpekty District population from lung
cancer (per 100,000 people).
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APPENDIX D

Spectrometry Graphs

D-1. Spectrograph of Soil Sample from Bakhty D-2

D-2. Spectrograph of Bone Sample from Bakhty D-3

D-3. Spectrograph of Milk Sample from Makanchy D-4

D-4. Spectrograph of Vegetation Sample from Makanchy D-5
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Figure D-1. Spectrograph of Soil Sample from Bakhty.
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Figure D-2. Spectrograph of Bone Sample from Bakhty.
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Figure D-3. Spectrograph of Milk Sample from Makanchy.
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Figure D-4. Spectrograph of Vegetation Sample from Makanchy.
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